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(57) Abstract The present invention is c&ected Co the structure of an isolated protein or polypeptide which elicits a hyperseaud- 
r4 tive response in plants as well as an isolated nucleic acid molecule which encodes the hypersensitive response eliciting protein or 
O polypetide. This protein or polypeptide has an acid portion linked to an alpha helix or a pair of spaced apart domains comprising 
*/) an acidic portion linked to an alpha-helix. This isolated protein or polypeptide and die isolated nucleic acid molecule can be used 
2? to impart disease resistance to plants, to enhance plant growth, to control insects, and/or to impart stress resistance to plants. This 

can be achieved by applying the hypersensitive response elicitor protein or polypeptide in a non-infectious form to plants or plant 
^ seeds under conditions effective to impart disease resistance, to enhance plant growth, to control insects, and/or to impart stress 
® resistance to plants or plants grown from the plant seeds. Alternatively, transgenic plants or plant seeds transfonned with a nucleic 
Q acid molecule encoding a hypersensitive response elicitor protein or polypeptide can be provided and the transgenic plants or plants 
^ resulting from the transgenic plant seeds are grown under conditions effective to impart disease resistance, to enhance plant growth, 
j?* to control insects, and/or to impart stress resistance to plants or plants grown from the plant seeds. 
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HYPERSENSITIVE RESPONSE EUCITING DOMAINS 
AND USE THEREOF 

This application claims benefit ofU.S- Provisional Patent Application 
5 SerialNa 60/212,211, ffled on June 16, 2000. 

FIELD OF THE INVENTION 

The present invention relates to hypersensitive response elicitors and 

10 their structure. 

BACKGROUND OF THE INVENTION 

Interactions between bacterial pathogens and their plant hosts generally 
15 fell into two categories: (1) compatible (pathogen-host), leading to intercellular 
bacterial growth, symptom development, and disease development in the host plant; 
and (2) incompatible (pathogen-nonhost), resulting in the hypersensitive response, a 
particular type of incompatible interaction occurring, without progressive disease 
symptoms. During compatible interactions on host plants, bacterial populations 
20 increase dramatically and progressive symptoms occur. During incompatible 

interactions, bacterial populations do not increase, and progressive symptoms do not 
occur. 

The hyp ^sensitive response is a rapid, localized necrosis that is 
associated with the active defense of plants against many pathogens (Kiraly, Z., 

25 "Defenses Triggered by the Invader: Hypereensitivity " pages 201-224 in: Plant 
Disease: An Advanced Treatise, Vol 5, LG- HorsfeU and KB . Cowling, ed. 
Academic Press New Yoik (1980); Klement, Z., 'Hypersensitivity," pages 149-177 
in: Phvtopathogenic Prokarvotes, Vol. 2. MS. Mount and GiL Lacy, ed Academic 
Press, New Yoik (1982)). The hypersensitive response eKdted by bac^^ 

30 observed as a tissue collapse if high concentrations (> 10 7 cells/ml) of a limited 

host-range pathogen like Pseudomonas syringae or Erwinia amylovora are infiltrated 
into the leaves of nonhost plants (necrosis occurs only in isolated plant cells at lower 
levels of inoculum) (Element t< Rapid Detection of Pathogenicity of 
Phytopathogenic Pseudomonads " Nature 199299-300; Klement, et aL, 
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hypersensitive Reaction Induced by Phytopalhogenic Bacteria in the Tobacco Leaf? 
Phytopathology 54:474477 (1963); Tomer, et at, "The Quantitative Relation 
Between Plant and Bacterial Cells Involved in the Hypersensitive Reaction," 
PhytoEaAologY 64:885-890 (1974); Klement, "Hypersensitivity," pages 149-177 

5 in Phytopalhogenic Prokarvotes. Vol 2 M.S . Mount and GJBL Lacy, ed Academic 
Press, New York (1982)). The capacities to elicit the hypersensitive response in a 
nonhost and be pathogenic in a host appear linked As noted by Element, 21, 
hypersensitivity" pages 149-177 in Phvtopathogenic Prokarvotes. VoL 2., MS, 
Mount and GJ3. Lacy, ed Academic Press, New York, these patho gens also cause . 

10 physiologically similar, albeit delayed, necroses in their interactions with compatible 
hosts. Furthermore, the ability to produce the hypersensitive response or pathogenesis 
is dependent on a common set of genes, denoted hrp (Undgren, PJ3,, et aL, "Gene 
Cluster ofPseudomonos syringae pv. 'phaseoficola* Controls Pathogenicity of Bean 
Plants and Hypersensitivity on Nonhost Plants" J. BacterioL 168:512^22 (1986); 

15 Willis, DX, et aL, "ftp Genes of Phytopafhogemc Bacteria," MoL Plant-Microbe 
Interact 4:132-138 (1991)). Consequently, the hypersensitive response may hold 
clues to both the nature of plant defense and the basis for bacterial pathogenicity. 

The hrp genes are widespread in gram-negative plant pathogens, where 
they are clustered, conserved, and in some cases interchangeable (Willis, D JL, et aL, 

20 u hrp Genes of Phytopalhogenic Bacteria." MoL Plant-Microbe Interact 4:132-138 
(1991); Bonas, U., "hrp Genes of Phytopathogenic Bacteria," pages 79-98 in: Current 
Topics in Microbiology and Immunology: Bacterial Pathogenesis of Plants and 
Animals - Molecular and Cellular Mechanisms. IL. DangJ, ed. Springer-Verlag, 
Berlin (1994)). Several hrp genes encode components of a protein secretion pathway 

25 similar to one used by Yersinia, Shigella, and Salmonella spp* to secrete proteins 
essential in animal diseases (Van Gijsegem, et aL, "Evolutionary Conservation of 
Pathogenicity Determinants Among Plant and Animal Pathogenic Bacteria," Trends 
MicrobioL 1:175-180 (1993)). &t£ amylovora, P. syringae, mi P. solanacearum, 
hip genes have been shown to control the production and secretion of glycine-rich, 

30 protein elicitors of the hypersensitive response (He, S.Y., et aL *Tseudoxnonas 

Syringae pv, Syringae HaipihPss: a Protein that is Secreted via the Hrp Pathway and 
Elicits the Hypersensitive Response in Plants," Cell 73:1255-1266 (1993), Wei, Z.-BL, 
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et aL, <( HipI of Erwirda amytovora Functions in Secretion of Haipin and is a Member 
of a New Protein Family," J. Bacterid 175:7958-7967 (1993); Arlat, M. et aL 
"PopAl, a Protein Which Induces a Hypersensitive-like Response on Specific Petunia 
Genotypes, is Secreted via the Hrp Pathway of Pseudomonas solanacearum," EMBO 
5 L 13:543-553 (1994)). 

The first of these proteins was discovered mE. amylovora Ea321, a 
bacterium that causes fire blight of rosaceous plants, and was designated haipin (Wei, 
Z.-M., et al, "Haipin, Elicitor of the Hypersensitive Response Produced by the Plant 
Pathogen Erwirda amylovora? Science 257:85-88 (1992)). Mutations in the encoding 

10 hrpN gene revealed that haipin is required for E. amylovora to eEcit a hypersensitive 
response in norihost tobacco leaves and incite disease symptoms in highly susceptible 
pear fruit The -P. solanacearum GMIlGOOPopAl protein has similar physical 
properties and also elicits the hypersensitive response in leaves of tobacco, which is 
not ahost of that strain (Ariat, et al "PopAl, a Protein Which Induces a 

15 Hypersensitive-like Response on Specific Petunia Genotypes, is Secreted via the Hrp 
Pathway of Pseudomonas solanacearum," EMBO J. 13:543-53 (1994)). However, P. 
solanacearum popA mutants still elicit the hypersensitive response in tobacco and 
incite disease in tomato* Thus, the role of these glycine-rich hypersensitive response 
elicitors can vary widely among gram-negative plant pathogens. 

20 Other plant pathogenic hypersensitive response elicitors have been 

isolated, cloned, and sequenced. These include: Erwinia chrysanthemi (Bauer, et aL, - 
"Erwinia chrysanthemi Haipin&h: Soft-Rot Pathogenesis" MPMI 8(4): 484-91 
(1995)); Erwirda carotovora (Cm, et aL, The RsmAT Mutants of Erwinia carotovora 
subsp. carotovora Strain Ecc71 Overexpress hrpNsx and Elicit a Hypersensitive 

25 Reaction-like Response in Tobacco Leaves," MPMI 9(7): 565-73 (1966)); Erwinia 
stemrtii (Ahmad, et aL, "Harpin is not Necessary for the Pathogenicity of Erwinia 
stewartii on Maize," 8ft Int'L Cong, Molec. Plant-Microb. Inter. My 14-19, 1996 and 
Ahmad, et aL, "Harpin is not Necessary for the Pathogenicity of Erwinia stewartii on 
Maize," Ann. Mte. Am. Phvtopafh. Soc. July 27-3 L 1996); md Pseudomonas 

30 syringae pv. syringae (WO 94/26782 to Cornell Research Foundation, Inc.). 

The present invention is a further advance in the effort to identify and 
characterize hypersensitive response elicitor proteins. 
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SUMMARY OF THE INVENTION »' 

One aspect of the present invention is directed to an isolated 
S hypersensitive response eKcitor protein comprising a pair of spaced apart domains, 
with each comprising an acid portion linked to an alpha-helix. 

Another embodiment of the present invention relates to an isolated 
hypersensitive response elicitor protein comprising an acid portion linked to an alpha- 
helix. 

10 Nucleic acid molecules encoding either of these proteins as well as 

vectors, host cells, transgenic plants, and transgenic plant seeds containing those 
nucleic acid molecules are also disclosed 

The protein of the present invention can be used to impart disease 
resistance to plants, to enhance plant growth, to control insects, and/or impart stress 

15 resistance. This involves applying the protein to plants or plant seeds under 

conditions effective to impart disease resistance, to enhance plant growth, to control 
insects, and/ or impart stress resistance to plants or plants grown from the plant seeds. 

As an alternative to applying the protein to plants or plant seeds in 
order to impart disease resistance, to enhance plant growth, to control insects on 

20 plants, and/or impart stress resistance, transgenic plants or plant seeds can be utilized. 
When utilizing transgenic plants, this involves providing a transgenic plant 
transformed with a nucleic acid molecule encoding the protein of the present 
invention and growing the plant under conditions effective to impart disease 
resistance, to enhance plant growth, to control insects, and/or to impart stress 

25 resistance to the plants or plants grown from the plant seeds. Alternatively, a 

transgenic plant seed transformed with the nucleic acid molecule encoding the protein 
of the present invention can be provided and planted in soil A plant is then 
propagated under conditions effective to impart disease resistance, to enhance plant 
growth, to control insects, and/or to impart stress resistance to plants or plants grown 

30 from the plant seeds. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic drawing showing the construction of a 
universal expression cassette for a hypersensitive response domain. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to an isolated hypersensitive respons 
elicitor protein comprising a pair of spaced apart domains, with each comprising an 
addportion linked to an alpha-helk. Theacidicportionisapolypeptide wimlOor 
more amino acids, is rich in acidic amino acids, and has apl below 5.0. Theacidic 
portion has a secondary structure in the form of a beta-sheet or a beta-turn. The 
secondary structure of this unit can also be in an unordered form. 

The alpha-hehxportionof (he present nrventionfc a polypeptide with 10 or 
15 more arnino adds, ^mn^t^^^^^^^^^^ 



10 



20 



25 



30 



t invention relates to an isolated 
hypersensitiverespcnse eMtor^con^^^^ to an alpha- 
helix. 

Both of these proteins are capable of eKdting a hypersensitive 

response. 

The alpha helix is a common structural motif of proteins in which a 
linear sequence of arnino acid folds into a right-handed helix s«^^ 
hydrogen bonding between backbone atoms. 

The acidic motif includes a certain combination of amino adds in 

structures but not an alpha helix of secondary structure. 

The hypersensitive response eKdtor polypeptides or proteias according 
to the present invention can be derived from hypersensitive response elicitor 
polypeptides or proteins of a wide variety of fungal and bacterial pathogeas Such 
polypeptides or proteins are able to elidt local necrosis in plant tissue contacted by 
theelidtor. Examples of suitable bacterial sources of polypeptide « protein elicitors 
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include Erwinia, Pseudomonas, and Xanthamonas species (e.g., the following 
bacteria.' Erwinia amylovora, Erwinia ckrysanthemi, Erwinia stewartii, Erwinia 
carotovora, Pseudomcnas syringae, Pseudomonas solancearum, Xanthomonas 
campestris, and mixtures thereof). la addition to hypersensitive response elicitars 
5 from these Gram negative bacteria, it is possible to use elicitors from Gram positive 
bacteria. One example is Qavibacter michiganensis subsp. sepedonicus. 

An example of a fungal source of a hypersensitive response elichor 
protein orpolypqrtide is Phytophthora. Suitable species oiPhytophthora include 
Phytophthora parasitica, Phytophthora cryptogea, Phytophthora cinnamont^ 
10 Phytophthora capsici, Phytophthora megasperma, and Phytophthora citrophihora. 

The hypersensitive response elicitor polypeptide or protein from 
Erwinia chrysanthemi has an amino acid sequence corresponding to SEQ. ID. No, 1 
as follows: 



15 


Met Gin lie Thr lie Lys Ala Hie lie 
1 5 10 


Gly Gly Asp 


Leu 
15 


Gly 


Val 


Ser 




Gly Leu Gly Ala Gin Gly Leu Lys Gly 
20 25 


Leu Asn Ser 


Ala 


Ala 
30 


Ser 


Ser 


20 


Leu Gly Ser Ser Val Asp Lys Leu Ser 
35 40 


Ser Thr lie 


Asp 
45 


Lys 


Leu 


Thr 




Ser Ala Leu Thr Ser Met Met Phe Gly 
50 55 


Gly Ala Leu 
60 


Ala 


Gin 


Gly 


Leu 




Gly Ala Ser Ser Lys Gly Leu Gly Met 
65 70 


Ser Asn Gin 
7S 


Leu 


Gly 


Gin 


Ser 
80 


25 


Phe Gly Asn Gly Ala Gin Gly Ala Ser 
65 


Asn Leu Leu 
90 


Ser 


Val 


Pro 
95 


Lys 




Ser Gly Gly Asp Ala Leu Ser Lye Met 
100 los 


Phe Asp Lys 


Ala 


Leu 
110 


Asp 


Asp 


30 


Leu Leu Gly His Asp Thr Val Thr Lys 
1X5 120 


Leu Thr Asn 


Gin 
125 


Ser 


Asn 


Gin 




Leu Ala Asn Ser Met Leu Asn Ala Ser 
130 135 


Gin Met Thr 
140 


Gin 


Gly 


Asn 


Met 




Asn Ala Phe Gly Ser Gly Val Asn Asn 
145 150 


Ala Leu Ser 
ISS 


Ser 


lie 


Leu 


Gly 
160 


35 


Asn Gly Leu Gly Gin Ser Met Ser Gly 
165 


Phe Ser Gin 
170 


Pro 


Ser 


Leu 
175 


Gly 
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Ala Gly Gly Leu Gin Gly Leu Ser Gly Ala Gly Ala Phe Asn Gin Leu 
"0 185 iso 

Gly Asn Ala He Gly Met Gly Val Gly Gin Asn Ala Ala Leu Ser Ala 
195 200 205 

5 Leu Ser Aen Val Ser Thr His Val Asp Gly Asn Asn Arg His Pfae Val 

210 215 220 

Asp Lys Glu Asp Arg Gly Met Ala Lys Glu lie Gly Gin Phe Met Asp 
225 230 235 2 40 

Gin Tyr Pro Glu He Phe Gly Lys Pro Glu Tyr Gin Lys Asp Gly Trp 
1U 245 250 2S5 

Ser Ser Pro Lya Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser Lys 
2*0 265 270 



15 



20 



Pro Asp Asp Asp Gly Met Thr Gly Ala Ser Met Asp Lys Phe Arg Gin 
275 280 285 

Ala Met Gly Met He Lys Ser Ala Val Ala Gly Asp Thr Gly Asn Thr 
290 295 300 

Asn Leu Asn Leu Arg Gly Ala Gly Gly Ala Ser Leu Gly He Asp Ala 
305 310 315 * 320 

Ala Val Val Gly Asp Lys lie Ala Asn Met Ser Leu Gly Lys Leu Ala 
325 330 335 

Asn Ala 



This hypersensitive response elicitor polyp eptide or protean has a molecular weight of 
25 34 kDa, is heat stable, has a glycine content of greater than 1 6% and contains 
substantially no cysteine. The EmmiachysmhemihypGtsenM 
polypeptide or protein is encoded by a DNA molecule having a nucleotide sequence 
corresponding to SEQ, ID. No, 2 as fellow: 

30 CGAOTTaCC CXX3GTGAACG TGCTATGRCC GACAGCATCA CGGTATTCGA CACOGTTAOG 60 

GOsnrmoG CCGCGATGAA cx^gcatcag GCOGCOOGCT GGTCGCCGCA ATCCGGCGTC 120 

GATCTGGTAT TTCAGTTTGG GGACACCGGG OSTGAACTCA. TGATGCAGAT TCAGCCGGGG 180 

CAGCAAIATC CCGGCATGTT GCGCACGCTG CTCGCTCGTC GTTATCAGCA GGCGGCAGAG 240 

TGCGATOGCT (3CCATC1CTG CCTGAACGGC AGCGATGIAT TGATCCTCTG GTGGCCGCTG 300 

35 CCGTOGGATC CCGGCAGTTA TCOSCAGGTG ATCGWuCGTT TGTTTGAACT GGOGGGAA3X3 360 

ACGTTGCOCT CGCTATCXM AGCACOSACG GCGCGTCOGC AGACAGGGAA CGGACGCGCC 420 

CGATCAmA GATAAAGGOG GCTOTTTTTA TTGCAAAA03 GTAACGGTGA GGAACCGTTT 480 
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CACCGTCGGC GTCACTCAGT AACAAGTATC CATCATGATG CCTACATCGG QATCQGOGTQ $40 
GGCATOOOTT GCAGATACTT TTGCGAACAC CTGACATGAA TGAGGAAAOG AAATTATOCA ' ' 600 

AAraCQKTC AAAGCGCACA TCGGCGGTGA TTTGGOCGTC TCCGGTCTOG GGCTGGGTGC 660 

TCAGGG2CT3 AAA£3GACK3A ATTCCGCGGC TTCAXCGCTG GGTTCCAGCG TGGATAAACT 720 

5 GAGCAGCACC ATCGATAAGT TGACCTCOSC GCTGACTTCG ATGATOTm GOGGOGOGCT 780 

GSOGCAGGGQ CTGGGCGCCA GCTCGAAGGG GCTGGGGA1G AGCAAXCAAC TGGGCCAGTC 840 

TOCGGCAAT GGCGCGCAGS GTGCGAGCAA CCTGCTATCC GTACCGAAAT CCGGOGOCGA 900 

TCCGTTGTCA AAAATGTTTG ATAAAGOQCT GGACGATCTG CTGGGTCATG ACACCGTGAC 960 

CAAGCTGACT AACCAGAGCA ACCAACTGQC TAATTCAATG CTGAACGCCA GCCAGATGAC 1020 

10 CCAGGGXAAT ATGAATGCGT TCQGCAGOQG TGTQAACAAC GCACTGTCOT CCA3TCTCGQ 1080 

CAACQGTCTC GGCCAGTCGA TGAGTQGOT CTCTCAGCCT TCTCTGGGGG CAGGCGGOT 1140 

GCAGGGCCTG AGCGGCGCGQ GTGCATTCAA 03U3TTGGOT AATGCCATCG GCATQGG03T 1200 

GGGGCASAAT GCTGCGCTQA GTGCGTTGAQ TAACGTCAGC ACCCACGEAG ACGGTAACAA 1260 

CCGCCACTTT GTAGATAAAG AAGATCGCQO CATGGCGAAA GAGATCGGCC AGTTTATGOA 1320 

15 TCAGTATCOG GAAATATTCG GTAAACCQGA ATACCAGAAA GATGGCTGGA GTTCGCCGAA 1380 

OACGGACGAC AAATCCTGQG CEAAAGCGCT GAGTAAACCG GA3X3ATGACG OTATGACCGG 1440 

CGCCftSCATO GACAAATTCC GTCAGGCGAT QC3QXATQATC AAAAGCGCGG TQOCOGGPGA 1500 

TACOGGCAAX ACCAACCTGA ACCTG03TGG CGC8GGCGCT GCATCGCTGQ GTATCGATGC 1560 

GGCTGTCOTC GGCGATAAAA XAGCCAACAT GTCGCTGGGT AAGCTGGCCA ACGCCTGAIA 1620 

ATCTGTGCIX3 GCCTGATAAA GCOGAAAOGA AAAAAGAGAC GGGGAAGCCF GTCTCTTTTC 1660 

TTATTATGCG GTTTATGCGQ TTACCTGQAC CGGTTAATCA TCOTCATCC5A TCTGGTACAA 1740 

AOGCACATTT TCCCGTTCAT TCGCGTCGTT ACGCGCCACA ATCGOQATGG CATCTTCCTC 1800 

GTCGCTCA0A TXGCGCGGCT GATGGGGAAC GC0G6GTGGA ATATAGAGAA ACTCGCCGGC 1860 

CAGATGGAGA CACGTCTGCQ ATAAATCTGT GCOGT&AOGT GTTTCXATCC GCCCCTTTAfl 1920 

CAGATAGATT GCGGTTTCGT AATCAACATG GTAATGCGGT TCCGCCTOTG CGCCGGCCQG 1980 

GATCAOCACA ATATTCATAG AAAGCTQTCT TGCACCTACC GTATCGCGGQ AQATACC33AC 2040 

AAAATAGGGC AGTTTTTGCG TGGTATCCGT GGG3TGTTCC GGCCTGACAA TCTTGAGTTG 2100 

GTTCGTCATC ATCTTTCTCC ATCTGGQCGA CCTGAIC3OT T 2141 ' 

The hypersensitive response elicitor fiom Erwinia chrysanthemi has 2 
hypersensitive response eliciting domains. The first domain extends, within SBQ. 
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ID. No. I, from amino add 69 to amino acid 122, particularly fiom amino acid 85 to 
ammoacidll6. The acidicunitin the first domain extends, within SEQ. E>. No, 1, • 
fiom amino acid 69 to amino acid 102, particularly fiom aimmacid85toarmnoadd 
101 The alpha-lelix in the first domain extends, within SEQ. ID. No. 1, fiom amino 
5 add 102 to amino add 122, particularly fiom amino add 102 to amino add 116. The 
second domain extends, within SEQ. ID. No. 1, fiom arninoa^ 251 to amino add 
299, particularly fiom amino add 256 to amino add 292. Theaddicumtmmc 
second domain extends, within SEQ. JD, No. 1, fiom amino add 251 to amino add 
279, par&ulariy fiom amino add261 to amino add 279. The alpha-helix in the 
10 secor^domamextends.wito 

299, particularly fiom amino add 279 to amino add 292. 

The hypersensitive response elicitor polypeptide or protein derived 
from Erwinia amylovora has an amino add sequence corresponding to SEQ. ID. 
15 No. 3 as follows: 

Met Ser Leu Aen Thr Ser Gly Leu Gly Ala Bex Thr Met Gin He 8 er 
5 " IS 

20 Gly My S a Gly ABn Afln ffly Leu <*Y 8« Arg Gin 

25 30 

Asa Ala Gly Lea Gly G iy Asa Ser Ala heu Qly Leu 01y ffly ^ 

40 45 



25 



30 



35 



Gin Abh Aap Thr Val Asn <51n Leu Ala Qly Leu Leu Thr Gly Met Met 

55 €0 

Met Met Net Ser Met Met Gly Gly Gly Qly Met Qly sly Gly ^ 

75 80 
Gly Oly Gly Le U ay ^ aly ^ Qly Gly ger Qly Qly ^ 

85 50 95 

Gly Leu ser Asa Ala Leu Asa Asp Met Leu Gly Gly Ser Leu A«m Thr 
100 105 110 

*u Gly ser Lys Gly oly Asa Aim to Thr Ser Thr Thr Aen Ser Pro 

120 125 

Leu ABp Gin Ala Leu Gly lie Asa Ser Thr Ser Gla Asn Asp Aap ser 

Thr ser oly Tfcr Asp jer Tkr Ser Asp Ser Ser Asp Pro Met Gin Gin 

1SS 160 
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Leu Leu Lys Met Phe Ser Glu He Met Gin Ser Leu Phe Gly Asp Gly 



165 



170 



,175 



10 



15 



20 



25 



30 



Gin Asp Gly Thr Ola Gly 6er Sex Ser Gly Gly Lys Gin Pro Thr Glu 
180 185 190 

Gly Glu Gin Asn Ala Tyr Lye Lys Gly Val Thr Asp Ala Leu Ser Gly 
195 200 205 

Leu Met Gly Asn Gly Leu Ser Gin Leu Leu Gly Asn Gly Gly Leu Gly 
210 215 220 

Gly Gly Gin Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu 
225 230 235 240 

Gly Gly Lys Gly Leu Gin Asn Leu Ser Gly Pro Val Asp Tyr Gin Gin 
245 250 255 

Leu Gly Asn Ala Val Gly Thr Gly He Gly Met Lys Ala Gly He Gin 
260 265 270 

Ala Leu Asn Asp He Gly Thr His Arg His Ser Ser Thr Arg Ser Phe 
375 2B0 285 

Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu He Gly Gin Phe Met 
290 295 300 

Asp Gin Tyr Pro Glu Val Phe Gly Lys Pro Gin Tyr Gin Lys Gly Pro 
305 310 315 320 

Gly Gin Glu Val Lys Thr Asp Asp Lye Ser Txp Ala Lys Ala Leu Ser 
325 330 335 

Lys Pro Asp Asp Asp Gly Met Thr Pro Ala Ser Met Glu Gin Phe Asn 
340 345 350 

Lys Ala Lys Gly Met lie Lys Arg Pro Met Ala Gly Asp Thr Gly Asn 
355 360 365 

Gly Asn Leu Gin Ala Arg Gly Ala Gly Gly Ser Ser Leu Gly He Asp 
370 375 380 

Ala Met Met Ala Gly Asp Ala He Asn Asn Met Ala Leu Gly Lys Leu 
385 390 395 400 

Gly Ala Ala 



Thishypei^ensitiveiesponse elicitor polypeptide or protein has a molecular weight of 
about 39 kDa, has a pi of approximately 43, and is heat stable at 100°C for at least 10 
35 minutes. This hypersensitive response elicitor polypeptide or protein has substantially 
no cysteine. The hypersensitive response elicitor polypeptide or protein derived ftom 
Erwinia amylovora is more folly described in Wei, Z.-M., R. J. Laby, C. H. Zumoft 
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D. W. Bauer, S.-Y. He, A. CoBmer, and S. V. Beer, "Haipin, EBcitor of the 
Hypersensitive Response Produced by the Plant Pathogen Erwinia amylovora? 
Science 257:85-88 (1992), which is hereby incoiporated by reference. The DNA 
molecule encoding this polypeptide or protein has a nucleotide sequence 
5 corresponding to SEQ. ID. No. 4 as follow: 

AAGCTTCGGC ATGGCAOGTT TGACCGTTGG GTCGGCAGGQ TACGTTTGAA TTATCAIAA 60 

GAGGftATAGG TTATGAGTCT GAATACAAGT GGGCTGQGAG CGTCAAOGAT GCAAATTTCT 120 

ATCGGCGGTG CGGOCGGMkA TAACGQGTTG CTGGOTftCCA GTOGOCAGAA ttXTOQGTTO 180 

10 GGTGGCAAtT CTGCACTGGG GCTGGGOGGC GGTAAXCAAA ATGA3ACOGT CAATeaaCXG 240 

GCTGGCmC TCRCOGGCftT GATGRTGATQ ATGAGOttOA TGGGCGGTQG TGGGCTGATG 300 

GGCGGTGGCT TAGGCGGTGG CTTAGGTAAT GGCTTGGGIG GCTCftQGIQG CCTCGGCGAA 360 

GGACTGTOSA ACGCGCTGAA CEAIATOTTA GGCGGTTCGC TGAACACGCT GGGCTCGAAA 420 

CK3CGGCAACA ATACCACTXC AACAACAAAT TCCCCGCTGG ACCAGGCGCT GGGTATTAAC 460 

15 TCAACGTCCC AAAACGAOGA TTCCSCCTCC GGCACAGATT CX^CCTCAGA CTCCAGCGAC 540 

CCGATCCRGC AGCTGCTGAA GATGTTCAGC GAGAXAATGC AAAOCCTOTT TGGTGATQQQ 600 

CAAGATGOCA CCCA03GCW3 TTCCTCTGGG GGCAAGCAGC CGACCGAAGO QGAGCAGftAC 660 

GOCTAXAAAA AAGQAGTCAC TGATOCGCTO TCGGGCCTOA T6GGTAATGQ TCTGAGCCAG 720 

CTOCTTGOCA ACGGGGGACT GGGAGGTGGT CAGGGCGGTA X3X3CTGGCAC GGQTCTTOAC 780 

20 QGTTOQTCGC TGGGCGGCAA AQQOCTQCAA AACCTGAGCG GGCCQQfTGGA CTACCAOCAG B40 

TTAGGTAACG CCGTGGQtftC CGSTAXCGCT ATQAAACfCOQ GCATTCAGOC GCTGAATGAT 900 

ATCGGEAOSC ACAGGCACAG TTCAACCOGT TCTTTCGTCA ATAAAGGCGA TCGGGCGATG 960 

GOGAAGGAAA TOGGTCRGTT CATGGACCAG TATCCTGAGG TGTTTGGCAA GCCGCAGTAC 1020 

CAGAAAGGCC CGGGTCAGGA GGTGAAAACC GATGACAAAT CATGGGCAAA AGCACTGAGC 1080 

25 AAGCCAGASG ACOACGGAAT GACACCAGCC A6TATS6AGC AGTTCAACAA AGCGAAGQGC U40 

ATGATCAAAA GGCCCATGGC GGGTGATACC GGCAACGGCA ACCTGCAGGC AOGCGGTGCC 1200 

GGIGGTTCTT CGCTGGQXAT TGATGCCATG ATGGCCGGTQ ATGCCATTAA CAATATOGCA l260 

CTTGGCAAGC TGGGCGGGGC TTAASCTT 128Q 

30 The hypersensitive response eliritar from Erwinia amylovora has 2 

hypersensitive response eliciting domains. The first domain extends, within SEQ. ID. 
No. 3, from amino acid 32 to amino acid 74, particularly from amino acid 45 to amino 
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acid 68. The acidicunitm the first domain extends, within SEQ. ID. No. 3, from 
amino acid 32 to amino acid 57, particularly from amino acid 45 to amino acid 57. 
The alpha-helix in the first domain extends, within SEQ. ID. No. 3, from amino acid 
57 to amino arid 74, particdariy from an^ The second 

5 domain extends, within SEQ. ID. No. 3, from amino acid 130 to amino arid 1 80 t 
particularly from amino arid 145 to amino acid 170. The acidic unit in the second 
domain extends, within SEQ. ID. No. 3, from amino arid 130 to amino arid 157, 
particularly from amino acid 145 to amino acid 157. The alpha-helix in the second 
domain extends, within SEQ. ID. No, 3, from amino acid 157 to amino arid 1 80, 

10 particularly from amino arid 157 to amino acid 170. 

Another potentially suitable hypersensitive response eliritor from 
Erwima amylovora is disclosed in U.S. Patent Application Serial No. 09/120,927, 
which is hereby incoiporated by reference. The protein is encoded by a DNA 
molecule having a nucleic acid sequence of SEQ. ID. No. 5 as follows: 

L5 

ATGTCAATTC TTACGCTTAA CAACAKEACC TCGTCCTCGC CGGGTCTOTT CCAGTCCGOQ 60 
GGGGACftAOG GGCTTGGTGG TCATAATGCA AATTCTGCGT TGGQGCAACA ACCCAXOGAT 120 
10 CGGCAAACCA TTGAGCAAAT GGCTCAATTA TTGGCGGAAC TGTTAAAflTC ACTGCTATOO 180 
CCACAATCAG GTAATGCGGC AACCGGAGCC GGTGGCAATG ACCAQACTAC AGGAGTTGGT 240 
AACGCTGGCG GCCTGAAOGG ACGAAAAGGC ACAGCAGGAA CCACTCCOCA GTCTGACAOT 300 

£5 

CAGAACATGC TGAGTGAGAT GGGCAACAAC GGGCTGGATC AGGCCATCAC GCCCGATGGC 360 
CAGGGCGGCG GGCAGATOGG CGATAATCCT TTACTGAAAG CCATGCTGftA GCTTATTGCA 430 
SO CGCATGATGG ACGGCCAAAG CGATCAGTTT GGCCAACCTG GTACGGGCAA CAACRGTQCC 460 
TCTTC03GEA CTTCTTCATC TGGCGGTTCC CCTTTTAACG ATCTATCftCX? GGGGAA3GCC 540 
OCTTCCGGCA ACTCCCCTTC CGGCAACTAC TCTCCCGTCA GTACCTTCTC ACOCCCRffCC 600 
AOGCCAftOGT CCCC1ACCTC ACCGCTTGAT TTCCCTTCTT CTOCCACCAA AGCftSCCGGG 560 
GGCAGCACGC CGGTAACCGA TCATCCTGAC CCTGTTGGTA GCGOGGGCAT CGGGGCCGGA 720 
AATTCGGTGG CCTTCACCAG OSCOGGOGCT AATCAGACGG TGCTGCATGA CACCATDACC 780 
GTGAAAGCGG GTCAGGTGTX TGATGGCAAA GGACAAACCT TCACOGCCGG TTCAGAATTA 840 
GGCGATGGCO GCCAGTCTGA AAACCAGAAA CCGCTGTTTA TACTGGAAGA CGC3TGOCA3C 900 
CTGAAAAA03 TCACCATGGG CGACGACGGG GCGGATGGTA TTCATCTTTA CGGTGATGCC 960 
AAAATAGACA ATCTGCAC9T CACCAACGTG GGTGAGGACG CGATIACCGT TAAGCCAAAC 1020 
AGOGCGGGCA AAAAATCCCA CGTTGAAATC ACTAACAGTT CCTTCGAGCA CGCCTCTOWC 1080 



WO 01/98501 



PCT/US01/18820 



43- 



AAOATCCTGC AGCTGAATGC CGATACTAAC CTGAGCGTTG ACAACGTGAA GGCCAAAflAC 1140 

TTTGGTACTT TTGTACGCAC TAA.CGGCGGT CAACW5GGTA ACTGGGATCT GAATCTGW3C 1300 

5 

CAXATCAGCG CAGAAGACGG TAAGTTCTCG TTCGTTAAAA GCGATAGCGA GGGGCTAAAC 1260 

GTCAATACCA GTGATATCTC ACTGGGTGAT OTTGAAAACC ACTACAAW3T GCCQATQTCC 1320 

10 GCCMCCTGA AGGTGGCTQA ATGA 1344 

SeeGoiBanikAccessioDNo.U94513, The isolated DNA molecule of ftte presort 
invention encodes a hypersensitive response elicitor protein or polypeptide having an 
amino add sequence of SEQ. ID. No. 6 as follows: 

15 

Met Ser He Leu Thr Leu Asn Asa Asa Thr Ser Ser Ser Pro Gly Leu 
1 5 10 15 

Phe Gin Ser Gly Gly Aep Abb Gly Leu Gly Gly Hie Asn Ala Asa &er 
20 20 25 30 

Ala Leu Gly Gin Gin Pro He Asp Arg Gin Thr Xle Glu Gin Met Ala 
35 40 45 

25 Gin Leu Leu Ala Glu Leu Leu Lye Ser Leu Leu Ser Pro Gin Ser Gly 

50 55 60 



30 



45 



Asn Ala Ala Thr Gly Ala Gly Gly Asn Asp Gin Thr Thr Gly Val Gly 
65 70 75 80 

Asn Ala Gly Gly Leu Asn Gly Arg Lys Gly Thr Ala Gly Thr Thr Pro 
85 90 95 



Gla Ser Asp Ser Gin Asn Met Leu Ser Glu Met Gly Asn Asn Gly Leu 
35 ioo 105 no 

Asp Gin Ala He Thr Pro Asp Gly Gin Gly Gly Gly Gin He Gly Asp 
115 120 125 

40 Asn Pro Leu Leu Lys Ala Met Leu Lys Leu He Ala Arg Met Met Asp 

130 135 140 



Gly Gin Ser Asp Gin Phe Gly Gin Pro Gly Thr Gly Asn Asa Ser Ala 
145 150 155 / 160 

Ser Ser Gly Thr Ser Ser Ser Gly Gly Ser Pro Phe Asn Asp Leu Ser 
165 170 175 



Gly Gly Lys Ala Pro Ser Gly Asn Ser Pro Ser Gly Asn Tyr Ser Pro 
50 180 185 190 

Val Ser Thr Phe Ser Pro Pro Ser Thr Pro Thr Ser Pro Thr Ser Pro 
195 200 205 

55 Leu Asp Phe Pro S r Ser Pro Thr Lys Ala Ala Gly Gly Ser Thr Pro 

210 215 220 



WO0JV98501 



PCT/US01/18820 



-14- 

Val Thr Asp His Pro Asp Pro Val Gly Ser Ala Gly He Gly Ala Gly 
225 230 235 , i 240 

Asn Ser Val Ala Phe Thr Ser Ala Gly Ala Asn Gin Thr Val Leu His 
5 245 250 255 

Asp Thr * He Thr Val Lys Ala Gly Gin Val Phe Asp Gly Lys Gly Gin 
260 265 270 

10 Thr Phe Thr Ala Gly Ser Glu Leu Gly Asp Gly Gly Gin Ser Glu Asn 

275 280 285 



15 



30 



Gin Lys Pro Leu Phe He Leu Glu Asp Gly Ala Ser Leu Lys Asn Val 
290 295 300 

Thr Met Gly Asp Asp Gly Ala Asp Gly He His Leu Tyr Gly Asp Ala 
305 310 315 320 



Lys He Asp Asn Leu His Val Thr Asn Val Gly Glu Asp Ala He Thr 
20 325 330 335 

Val Lys Pro Asn Ser Ala Gly Lys LyB Ser Hie Val Glu He Thr Asn 
340 345 350 

25 Ser Ser Phe Glu His Ala Ser Asp Lys He Leu Gin Leu Asn Ala Asp 

355 360 365 



Thr Asn Leu Ser Val Asp Abu Val Lys Ala Lys Asp Phe Gly Thr Phe 
370 375 380 

Val Arg Thr Asn Gly Gly Gin Gin Gly Asn Trp Asp Leu Asn Leu Ser 
385 390 395 400 



His lie Ser Ala Glu Asp Gly Lys Phe Ser Phe Val Lys Ser Asp Ser 
35 405 410 415 

Glu Gly Leu Asn val Asn Thr ser Asp He Ser Leu Gly Asp Val Glu 
420 425 430 

40 Asn His Tyr Lys Val Pro Met Ser Ala Asn Leu Lys Val Ala Glu 

435 440 445 



This protein or polypeptide is acidic, rich in glycine and serine, and lacks cysteine. It 
45 is also heat stable, protease sensitive, and suppressed by inhibitors of plant 

metabolism. The protein or polypeptide of the present invention has a predicted 

molecular size ofca. A5 kDa. 

This hypersensitive response elicitor from Erwinia amylovora has 2 

hypersensitive response eliciting domains. The first domain extends, within SEQ. ID. 
50 No. 6, from amino acid 5 to amino acid 64, particularly from amino acid 3 1 to amino 

acid 57. The acidic unit in the first domain extends, within SEQ. ID. No. 6, from 

amino acid 5 to amino acid 45, particularly from amino add 31 to amino acid 45. The 
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alpha-helix in the first domain extends, within SEQ. ID. No. 6, ftom amino acid 45 to 

i 

amino acid 64, particularly from amino acid 45 to amino add 64. The second domain 
extends, within SEQ. ID. No. 6, from amino acid 1 03 to amino add 146, particularly 
from amino acid 116 to amino acid 140. The aridic unit in the second domain 

5 extends, within SEQ. ID. No. 6, from amino add 103 to amino add 131, particularly 
from amino add 116 to amino add 131. The alpha-helix in the second domain 
extends, within SEQ. ID. No. 6, from animp acid 131 to amino acid 146, p&zticularly 
from amino add 131 to amino add 140. 

Another potentially suitable hypersensitive response elidtor from 

10 Erwima amylovara is disclosed in U.S. Patent Application Serial No. 09/120,663, 
which is herehy incorporated by reference. The protein is encoded by a DNA 
molecule having a nucleic add sequence of SEQ. ID. No. 7 as follows: 

ATGGAATTAA AATCACTGGG AACTGAACAC AAGGCGGCAQ TACACACAGC OGCGCACAAC €0 

15 

CCTGTQGGGC ATGGTGTTGC CTTACAGCAG GGCAGCAGCA GCAOCAGOCC GCAAAATGCC 120 

GCTGCATCAT T060GGCA6A AGGCAAAAAT CGTGGGAAAA TGCCGAGAAT TCA0GA3CCA 180 

20 TCTACTGCGG CTGATQQTAT CA00GCI6CT CACCAGCAAA AGAAATCCTT CAGTCTCAGG 240 

G0CT6TTTGG GGACGAAAAA ATTTTCCAGA TCGGCACCGC AGGGCCAGCC AGOTRCCACC 300 

CACAGCAAAQ GGGCAACATT GCGCGATCTG CTGGCGCGGG ACQAOQGOGA AACGCAGCAT 360 

25 

GA6G0GGC0Q CGCCAGATGC GGOGCGTTTO ACCCGTTCQG GCGGCGTCAA AOGCCGCAAT 420 

ATGOACQACA TGGCCGGGCG GCCAATGGTO AAAGGTGGCA GCGGCGAAGA TAAGGTACCA 480 

30 ACGCAGCAAA AACGGCATCA GCTGAACAAT TTTGQCCAflA TGCGCCAAAC GATGTTQAGC 540 

AAAATGGCTC ACCOGGCTTC AGCCAACGCC GGCQATCGCC TGCAGCATTC ACO3CC0CAC 600 

ATCCCGGGTA GCCACCACGA AATCAAGGAA GAACCGGTTG GCTCCACCAG CAAGGCAACA 660 

35 

ACOGCCCACG CAGACAGAOT GGAAATCGCT CAGGAAGATG ACGACAGCGA ATTCCAGCAA 720 

CTGCATCAAC AflCGGCTGGC GCGCGAACGG GAAAATCCAC CGCAGCOGCC CAAACTCG3C 780 

40 GTTGCCACAC OGATTAGCGC CAGQTTTCAG CCCAAACTGA CTQCQGTTGC GGAAAGCGTC 840 

CTTGAGGGGA CAGATACCAC 6CAGTCACCC CTTAAGCOGC AATCAATGCT GAAAGGAAOT 300 

GGAGCCGGGG TAACGCCX3CT GGCQGXAACG CTGGATAAAG GCAAGTTGCA GCTGQCACCQ 960 

45 

GATMTCCAC CCGCGCTCAA TACGTTGTTG AAGCAGACAT TGGGTAAAGA CACCCAGCAC 1020 

TATCTGGCGC ACCATGCCAG CAGCGACGGT AGCCAGCATC TGCTGCTGGA CAACAAAGGC 1060 

50 CACCTGTTTG ATATCAAAAG CACCGCCACC AGCTATA0OG TGCTGCACAA CA13CCAOCOC 1X40 

GGTGAGATAA AGGGCAAGCT GGCGCAGGOG GGTACTGGCT CCGTCAGCGT AGACOGTfiAA 1200 
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AGCGGCAAGA TCTCGCTGGG GAGCGGTA03 
CQGGGGGAAG OQCACOSTTC CTTATTAACC 
5 CGGCCGCAOG GCGAGTCAAT CCGCCTGCAT 
CTGGGCGTAT GGCAATCTGC GGATAAAGAT 
GGTAAGCTCT ATGOGCTQAA AGACAACCGT 

10 

TCAGAAAAGC TGGTCGATAA AATCAAATCG 
ATCCTGACGG ATACTCCCGG CCOCCATAAQ 
15 CCGGAGAGCC AIATTTCCCT CRGOCTGCAT 
GGGAAGTCGG AGCTTGAGGC ACAATCTGTC 
GA1AGCGAAG GCAAGCXGTT TAGCGCCGCC 

20 

AAAATOAAAQ CCATGCCPCA GCATQCQCTC 

TCTGQarrrr tccatgacqa ccacggccag 

25 ' CAGCAGCATG CCTGCCCGTT GGGTAACGAT 
GATGCGCTGG TTATCGACAA TCA6CTG6Q3 
ATTCTTGATA TGGGGCATTT AGGCAGCCTQ 

30 

GACCAGCTGA CCAAAGGGTQ GACTGGOQCG 
CTGGATGGAfl CAGCTTATCT ACTGAAAGAC 
35 AGCACCTCCT CTATCAAGCA CGGAAOGGAA 
AAACOGGAGC CGGGAGATGC CCTGCAAGGG 
GCGGTGATTG GGGTAAATAA ATACCTGGCG 

40 

CAGATAAAAC CCGGCACCCA GCAGTTGGAG 
ATCAGCQGOG AACTGAAAGA CATTCATGTC 
45 CACGAGGGAG AGGTGTTTCA TCAGCOGCGT 
AGCTGGCACA AACTGGCGTT GCCACAGAGT 
CATGAGCACA AACCGATTGC CACCTTTGAA 

50 

GGCTGGCAOG CCTATGCGGC ACCTGAACGC 
CAAACCGTCT TTAACCGACT AATGCAGGGG 
55 TTGACGGTTA AGCTCTCGGC TCAGACGGGG 
AGCAGTAAAT TTTCCGAAAG GATCCGCGCC 
CGACCGATTA AAAATGCTGC TTATGCCACA 

60 

AAGCCGTTGT ACGAGATGCA GGGAGCGCT3 
CATAACGOGC CACAGCCAGA TTTGCAGAGC 
65 GGOGCAGAAT TGC3TAACGA CATGAAGCGC 
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CAAAGTCACA 


ACAAAACAAT GCTAAGCCAA 


1260 


GGCATTTGGC 


AGCAXCCTGC TGGOGCAGQG 1 


X320 


GACGACAAAA 


TTC3VEATCCT GCATCCGGAG 


1360 


ACCCACAGCC 


AGCTGTCTCG CCAGGCAGAC 


1440 


ACCCTGCAAA 


ACCTCTCCGA TAATAAATCC 


1500 


TATTCCGTTG 


ATCAGCGGGG GCAGGTGGOG 


1S60 


ATGAGXATTA 


TGCCCTOGCT GGATGCITCC 


1620 


TTTGCCGAIG 


OXACCAGGG GTTATTGCAC 


1680 


GCGATCAGCC 


ATGGGCGACT GGTTGTGGCC 


1740 


ATTCCGAAGC 


AAGGGGAXGG AAACGAACTQ 


1800 


GATGAACATT 


7TQGTCATQA CCACCAGATT 


1860 


CTTAATGCGC 


TGGTGAAAAA TAACTTCAGG 


1920 


CATCAGTTTC 


ACCCOGGCTG GAACCTGACT 


1580 


CTGCATCATA 


CCAATCCTGA ACCGCATGAG 


2040 


GCGTTACAGG 


AGGGCAAGCT TCACTATTTT 


2100 


GAGTCAGATT 


GTAAGCAGCT GAAAAAAGGC 


2160 


GGTGAAGTGA 


AACGCCTGAA TATTAATCAG 


2220 


AACGTOTTT 


CGCTGCCGCA TGTGCGCAAT 


2280 


CTGAATAAAG 


ACGATAAQGC CCAGGCCAra 


2340 


CTGACGGAAA 


AAGGGGACAT TCGCTCCTTC 


2400 


CGGCCGGCAC 


AAACTCTCftG CCGCGAAGGT 


2460 


GACCACAAGC 


AGAACCTQTA TGCCTTGAOC 


2520 


GAAGCCTGGC 


AGAATGGTGC CGAAAGCAGC 


2560 


GAAAGTAAGC 


TAAAAAGTCT GGACATGAGC 


2640 


GACGGTAGCC 


AGCATCAGCT GAAGGCTOGC 


2700 


GGGCCGCTGG 


CGGTGGGTAC CAGCGGTTCA 


2760 


GTGAAAGGCA 


AGGTGATCCC AGGCAGCQGG 


2820 


GGAATGACCG 


GCGCCGAAGG GCGCAAGGTC 


2880 


TATGCGTTCA 


ACCCAACAAT GTCCAOGCCQ 


2940 


CAGCACGGCT 


GGCAGGGGCG TGAGGGGTTO 


3000 


ATTAAACAAC 


TGGATGOGCA ICAACGTTOGT 


3060 


AAACTGGAAA 


CTCTGGATTT AGGOGAACAT 


3120 


TTCOGCGAOG 


AACTGGAGCA GAGTGCAACC 


3180 
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CGTTCGGTGA CCGTTTTAGG TCAACATCAG GGftGTGCXAA AAAGCAACGG TGAAATCAAI 3249 

AGCGAATTTA AGCGATCGCC CGGCAAGGC9 TT3GTCCAGA GCTTTAACGT CAATCGCTCT 3300 

5 

GGTCAGGATC TAAGCAAGTC ACTGCAACAG GCAGTACATG CCAOGCCGCC ATCCGCAGA3 3360 

AGTAAACTGC AATCCATGCT GGGGCACTTT OTCASTGCOQ GGOTGGATAT GAJ3TCASCW3 3420 

10 AAGGGCGAGA TCCCGCTGOQ OCGCCAGCGC GATCCGAATG AIAAAACCGC ACTGACCAAA 3460 

TCGCGTTIAA TTTTAQATAC CGTGACCATC GGTGAACTGC ATGAACTGGC OGAIAAGGOCJ 3540 

AAACTGGTAT CTGACCAEAA ACCCGATGCC GATCAGAIAA AACAGCTGCG CCftGCAGTTC 3600 

15 

GATACGCTGC GTGAA&AGCG GTATGA3ASC AATCCGGTGA AGCATTACAC CGATATG33C 36€0 

TTCACCCAIA ATAAGGCGCT GGAAGCAAAC TATGATQOGG TCAAAGCCTT TATCAAT30C 3720 

20 TTTAAGAAAG AGCACCACGG OCSTCAATCTG ACCACGCGTA C0GTAC79GA ATCACA3G3C 3780 

AGTGCGGAGC TGGCGAAOAA GCTCAAOAAT ACGCTGTTQT CCCTGGACAG TGGTQAAA3T 3840 

ATGAQCTTCA GCCGGTCATA TGGCGGGGGC GTCAGCACTG TCTTTGTOCC TACCCTTAGC 3900 

25 

AAGAAGGXGC CAGTTCCGGT GATCCCOGOA GCCQGCATCA CQCTOGATCO OGCCTATftAC 3560 

CTOAGCTTCA GTCGTACCA3 CGGOGGATTG AACGTCAGTT TTGGCCGCGA CGGCGGGGTG 4020 

30 AGTGGTAACA TCATGGTCGC TACCGGCCAX OATOTOATOC CCTATATGAC CGGTAAOAAA 4080 

ACCAGTGCAG GTAACGCCAG TGACTGOTTG AflCGCAAAAC AIAAAATCAG CCCGGACTTG 4140 

CGTATCGGCG CTGCTGTGAS TGGCACCCTG CAAGGAACGC TACAAAACAG CCTGAAGTTT 4200 

35 

AAGCTGACAO AGOATGAOCT GCCTQGCTTT ATCCATQGCT TGACGCAT03 CACGTTGACC 4260 

CCGGCAGAAC TGTTGCAAAA GGQGATCGAA CATCAGATGA AGCH3GGCAS CAAACTGAOG 4320 

40 TTTAGCGTCG ATACCTOGGC AAATCTOOAT CTGCGTGCCG GTATCAATCT GAACGAAQAC 4380 

GGCAGTAAAC CAAATGOTGT CACTGCCCGT GTTTCTOCCG GGCTAA0T3C ATCQGCAAAC 4440 

CTGGCCGCCG GCTCGCGTGA ACGCAOCACC ACCTCTGGCC AGTTTGGCA3 CA03ACTTC3 4500 

45 

GCCAGCAATA ACCGCCCAAC CTTCCTCAAC GGGGTOGGOG OGGGTGCTAA CCTGACOGCT 4560 

GCTTTAGGGG TTGCCCATTC ATCTACGCAT GAAGGGAAAC CGGTCGGGAT CTTCCCGOCA 4620 

50 TTTACCTCGA CCAATGTTTC GGCAGCGCTG GC3CTGGATA ACCGTACCTC ACAGAOTATC 4680 

AGCCTGGAAT TGAAGCGCGC GGASCCGGTG ACCAGCAAOG ATATCAGCGA QTTGACCTCC 4740 

ACGCTGGGAA AACACTTTAA GGAIAGCQCC ACAACGAAGA TGCTTGCCGC TCTCAAMftG 4800 

55 

TTAGATGACQ CTAAGCCCGC TGAACAACTG CATATTTTAC ASCAOCATTT CAGTQCAAAA, 4860 

GATGTCGTCG GTGATGAAC3 CTACGAGGCG GTGCGCAACC TGAAAAAACT GGTGASAOQ? 4920 

60 CAACAGGCTG CGGACAGCCA CAGCATGGAA TTAGGATCTG CCAGTCACAG CACGACCIA.C 4980 

AATAATCTGT CGAGAATAAA TAATGACGGC ATTGTCGAQC TGCTACACAA ACATTTCGAT 5040 

GCGGCATTAC cagcaagcag tgccaaacgt ctxggtqaaa tgatgaataa CGAXCCG0CA 5100 

65 



WO 01/98501 PCT/CS01/18820 



-18- 

CTGAAAGATA TTATTAAGCA GCTGCAAAGT ACGCCGTTCA GCAGOGCCAG CGTGTCGATG 5160 
GAGCTGAAAG ATGGTCTGCG TGAGCAGAOQ GAAAAAGCAA TftCTGGAOGG TAAGQTOQOT ' S220 

CGTGAAGAAQ TGGOAGTACT TTTCCAGGAT CGTAACAACT TGCGTQTTAA ATCOGTCAOC 5280 

GTCAGTCAGT CCGTCAGCftA AAGCGAAGGC TTCAAIACCC CAGCGCTGTT ACTGGGGACG 5340 

AGCAACAGCG CTGCTATGAG CATGGAGCGC AACATCGQAA CCATEAATTT TAAATACGGC 5400 

CftGGATCAGA ACACCCCACG GCG&TTTAGC CTGGAGGOTG GAATAGCTCA GGCTAATCCQ 5460 

C&GQTCGCAT CTGCGCTTAC TGA3TTGAAG AAGGAAGGGC TGGAAATtaA GAGCTAA 5517 



10 



15 



20 



35 



50 



This DNA molecule is known as the dspE gene for Erwima amylavora. This isolated 
DNA molecule of the present invention encodes a protein or polypeptide which elicits 
a plant pathogen's hypersensitive response having an amino acid sequence of SEQ. 
ID, No. 8 as follows: 



Met Glu Leu Lys Ser Leu GQy Thr Glu His Lys Ala Ala Val His Thr 
1 5 10 15 



Ala Ala His Asn Pro Val Oly His Gly Val Ala Leu Gin Gin Gly Ser 
25 20 25 30 

8er sex Ser Ser Pro Gin Asn Ala Ala Ala Ser Leu Ala Ala Glu Gly 
35 40 45 

30 Lys Asn Arg Gly Lye Met Pro Arg lie Hie Gin Pro Ser Thr Ala Ala 

50 S5 60 



Asp Gly He Ser Ala Ala His Gin Gin Lys Lys Ser Phe Ser Leu Arg 
65 70 75 80 

Gly Cys Leu Gly Thr Lys Lys Phe Ser Arg Ser Ala Pro Gin Gly Gin 
85 90 95 



Pro Gly Thr Thr His Ser Lys Gly Ala Thr Leu Arg Asp Leu Leu Ala 
40 100 105 no 

Arg Asp Asp Gay Glu Thr Gin His Glu Ala Ala Ala Pro Asp Ala Ala 
115 120 125 

45 Arg Leu Thr Arg Ser Gly Gly Val Lys Arg Arg Asn Met Asp Asp Ket 

130 135 140 



Ala Gly Arg Pro Met Val Lys Gly Gly Ser Gly Glu Asp Lys Val Pro 
*«« ISO 1S5 160 

Thr Gin Gin Lys Arg His Gin Leu Asn Asn Phe Gly Gin Met Arg Oln 
1«S 170 175 

Tnr Met Leu Ser Lys Met Ala His Pro Ala Ser Ala Asn Ala Gly Asp 
55 ISO 18S 190 

Arg Leu Gin His ser Pro Pro His He Pro Gly Ser His His Glu lie 
195 200 205 
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Lys Glu Glu Pro Val Gly Ser Thr Ser Lys Ala Thr Thr Ala His Ala 
210 215 220 ; 

Aep Arg Val Qlu lie Ala Oln Glu Asp Aap Asp Ser Glu Phe Gin Sin 
225 230 235 240 



10 



Leu His Gin Gin Arg Leu Ala Arg Glu Arg Glu Aen Pro Pro Gin Pro 
245 250 255 

Pro Lys Leu Gly Val Ala Thr Pro lie Ser Ala Arg Phe Gist Pro Lys 
260 265 270 



15 



lieu Thr Ala Val Ala Glu Ser Val Leu Glu Gly Thr Asp Thr Thr Gin 
275 280 285 

Ser Pro Leu Lys Pro Gin Ser Met Leu Lys Gly Ser Gly Ala Gly Val 
290 235 300 



20 



Thr Pro Leu Ala Val Thr Leu Asp Lys Gly lys Leu Gin Leu Ala Pro 
305 310 315 320 



25 



Aep Asn Pro Pro Ala Leu Aen Thr Leu Leu Lye Gin Thr Leu Gly Lys 
325 330 335 

Asp Thr Gin Bis Tyr Leo Ala Bis Bis Ala Ser Ser Asp Gly Ser Oln 
340 345 350 



30 



His lieu Leu Leu Asp Asn Lys Gly Bis Leu Phe Asp lie Lys Ser Thr 
355 360 365 

Ala Thr Ser Tyr Ser Val Leu His Asn Ser His Pro Gly Glu He Lys 
370 375 380 



35 



Gly Lys Leu Ala Gin Ala Gly Thr Gly Ser Val Ser Val Asp Gly Lys 
385 390 395 400 



40 



Ser Gly Lys He Ser Leu Gly Ser Gly Thr Gin Ser His Asn Lys Thr 
405 410 415 

Met Leu Ser Gin Pro Gly Glu Ala Bis Arg Ser Leu Leu Thr Gly He 
420 425 430 



45 



Trp Gin Hie Pro Ala Gly Ala Ala Arg Pro Gin Gly Glu Ser lie Arg 
435 440 445 

Leu His Asp Asp Lys lie His Zle Leu His Pro Glu Leu Gly Val Trp 
450 455 460 



Gin Ser Ala Asp Lys Asp Thr His Ser Gin Leu Ser Arg Gin Ala Asp 
50 465 470 475 480 



55 



Gly Lys Leu Tyr Ala Leu Lys Asp Asn Arg Thr Leu Gin Asn Leu Ser 
485 490 495 

Asp Asn Lys Ser Ser Glu Lys Leu Val Asp Lys He Lys Ser Tyr Sar 
500 505 510 



60 



Val Asp Gin Arg Gly Gin Val Ala He Leu Thr Asp Thr Pro Gly Arg 
515 520 525 

His Lys Met Ser He Met Pro Ser Leu Asp Ala Ser Pro Glu Ser Bis 
530 535 540 



He Ser Leu Ser Leu Bis Phe Ala Asp Ala His Gin Gly Leu Leu His 
65 545 550 555 560 
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cay Iiya Ser Glu Leu Glu Ala Gin Ser Val Ala lie Ser His Gly Arg 
565 570 575 T 

Leu Val Val Ala Asp Ser Glu Gly Lye Leu Phe Ser Ala Ala He Pro 
580 585 590 



10 



Lys Gin Gly Asp Gly Asn Glu Leu Lye Ket Lys Ala Met Pro Gin Ble 
595 600 605 

Ala Leu Asp Glu His Phe Gly Els Asp His Gin He Ser Gly Phe Phe 
6X0 615 620 



15 



20 



25 



Els Asp Asp His Gly Gin Leu Asn Ala Leu Val Lye Asn Asn Phe Arg 
625 630 635 640 

Gin Gin His Ala Cys Pro Leu Gly Asn Asp Bis Gin Phe Bis Pro Gly 
645 650 655 

Trp Asn Leu Thr Asp Ala Leu Val He Asp Asn Gin Leu Gly Leu His 
660 665 670 

His Thr Asn Pro Glu Pro His Glu He Leu Asp .Met Gly His Leu Gly 
675 680 685 

Ser Leu Ala Leu Gin Glu Gly Lys Leu His Tyr Phe Asp Gin Leu Thr 
690 695 700 



30 



35 



Lys Gly Trp Tor Gly Ala Glu Ser Asp Cys Lys Gin Leu Lys Lys Gly 
705 710 715 720 

Leu Asp Gly Ala Ala Tyr Leu Leu Lye Asp Gly Glu Val Lys Arg Leu 
725 730 735 

Asn He Asn Gin Ser Thr Ser Ser He Lys His Gly Tor Glu Asn Val 
740 745 750 



40 



Phe Ser Leu Pro His Val Arg Asn Lys Pro Glu Pro Gly Asp Ala Leu 
755 760 765 

Gin Gly Leu Asn Lys Asp Asp Lys Ala Gin Ala Met Ala Val He Gly 
770 775 780 



45 



50 



55 



Val Asn Lys Tyr Leu Ala Leu Thr Glu Lys Gly Asp He Arg Ser Phe 
765 790 795 800 

Gin He Lys Pro Gly Thr Gin Gin Leu Glu Arg Pro Ala Gin Thr Leu 
80S 810 815 

Ser Arg Glu Gly He Ser Gly Glu Leu Lys Asp He His Val Asp His 
820 825 830 

Lys Gin Asn Leu Tyr Ala lieu Thr His Glu Gly Glu Val Phe His Gin 
835 840 845 

Pro Arg Glu Ala Trp Gin Asn Gly Ala Glu Ser Ser Ser Trp His Lys 
850 855 860 



Leu Ala Leu Fro Gin Ser Glu Ser Lys Leu Lys Ser Leu Asp Net Ser 
60 865 870 875 580 

His Glu Hie Lys Pro He Ala Thr Phe Glu Asp Gly Ser Gin Hie Gin 
885 890 895 
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Leu Lye Ala Gly Gly Trp His Ala Tyr Ale Ala Pro Glu Arg Gly Pro 
900 905 910 

Leu Ala Val Gly Thr Ser Gly Ser Gin Thr Val Phe Asa Arg Leu Met 
5 915 920 925 

Gin Gly Val Lys Gly Lys Val He Pro Gly Ser Gly Leu Thr Val Lys 
930 935 940 

10 Leu Ser Ala Gin Thr Gly Gly Met Thr Gly Ala Glu Gly Arg Lye Val 

945 950 955 960 



15 



30 



45 



60 



Ser Ser Lys Phe Ser Glu Arg He Arg Ala Tyr Ala Phe Aan Pro Bar 
965 970 975 

Met Ser Thr Pro Arg Pro He Lye Asn Ala Ala Tyr Ala Thr Gin His 
980 985 990 



Gly Trp Gin Gly Arg Glu Gly Leu Lys Pro Leu Tyr Glu Met Gin Gly 
20 99S 1000 1005 

Ala Leu lie Lys Gin Leu Asp Ala His Asn Val Arg His Asn Ala Pro 
1010 1015 1020 

25 Gin Pro Aep Leu Gin Ser Lys Leu Glu Thr Leu Asp Leu Gly Glu His 

1025 1030 1035 1040 



Gly Ala Glu Leu Leu Asn Asp Met Lye Arg Phe Arg Asp Glu Leu Glu 
1045 1050 1055 

Gin Ser Ala Thr Arg Ser Val Thr Val Leu Gly Gin His Gin Gly Val 
1060 1065 1070 



Leu Lys Ser Asn Gly Glu He Asn Ser Glu Phe Lys Pro Ser Pro Gly 
35 1075 1080 1085 

Lys Ala Leu Val Gin Ser Phe Asn Val Asn Arg Ser Gly Gin Asp Leu 
1090 1095 1100 

40 Ser Lys Ser Leu Gin Gin Ala Val His Ala Thr Pro Pro Ser Ala Glu 

1105 1110 1115 1120 



Ser Lys Leu Gin Ser Met Leu Gly His Phe Val Ser Ala Gly Val Asp 
1125 1130 1135 

Met Ser His Gin Lys Gly Glu He Pro Leu Gly Arg Gin Arg Asp Pro 
1140 1145 1150 



Asn Asp Lys Thr Ala Leu Thr Lye Ser Arg Leu He Leu Asp Thr Val 
50 1155 1160 1165 

Thr He Gly Glu Leu His Glu Leu Ala Asp Lys Ala Lys Leu Val Ser 
U70 1175 1180 

55 Asp His Lys Pro Asp Ala Asp Gin He Lye Gin Leu Arg Gin Gin Phe 

1185 U90 1195 1200 



Asp Thr Leu Arg Glu Lys Arg Tyr Glu Ser Asn Pro Val Lys Hie Tyr 
1205 1210 1215 

Thr Asp Met Gly Phe Thr His Asn Lys Ala Leu Glu Ala Asn Tyr Asp 
1220 1225 1230 



Ala Val Lys Ala Phe He Asn Ala Phe Lys Lys Glu His His Gly Val 
65 1235 1240 1245 
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25 



40 



55 
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Aan lieu tbr Thr Arg Thr Val Leu Glu Ser Gin Gly Ser Ala Glu &e*i 
1250 1255 1260 ' 

Ala Lys Lys Leu Lys Aan Tbr Leu Leu Ser Leu Asp Ser Oly Glu Sex 
1265 1270 127S 1280 

Met Ser phe Ser Arg Ser Tyr Gly Gly Oly Val Ser Tbr Val Pbe Va.1 
1285 1290 1295 

Pro Thr Leu Ser Lys Lye Val Pro Val Pro Val lie Pro Gly Ala Gly 
1300 1305 1310 



lie Thr Leu Asp Arg Ala Tyr Aan Leu Ser Pbe Ser Arg Thr Ser GCLy 
15 1315 1320 1325 

Gly Leu Asn Val Ser Phe Gly Arg Asp Gly Gly Val Ser Gly Asn lie 
1330 1335 1340 

20 Met Val Ala Tbr Gly His Asp Val Met Pro Tyr Met Thr Gly Lys I*ys 

1345 1350 1355 1360 



Thr Ser Ala Gly Asn Ala Ser Asp Trp Leu Ser Ala Lys His Lys lie 
1365 1370 1375 

Ser Pro Asp Leu Arg lie Gly Ala Ala Val Ser Gly Thr Leu Gin Oly 
1380 1385 1390 



Thr Leu Gin Asn Ser Leu Lys Phe Lys Leu Thr Glu Asp Glu Leu Pro 
30 1395 1400 1405 

Gly Phe lie His Gly Leu Thr His Gly Thr Leu Thr Pro Ala Glu L*eu 
1410 1415 1420 

35 Leu Gin Lys Gly lie Glu His Gin Met Lys Gin Gly Ser Lys Leu Thr 

1425 1430 1435 1440 



Phe Ser Val Asp Thr Ser Ala Asn Leu Asp Leu Arg Ala Gly He Aan 
1445 1450 1455 

Leu Asn Glu Asp Gly Ser Lys Pro Asn Gly Val Thr Ala Arg Val Ser 
1460 1465 1470 



Ala Gly Leu Ser Ala Ser Ala Asn Leu Ala Ala Gly Ser Arg Glu Arg 
45 1475 1480 146S 

Ser Thr Thr Ser Gly Gin Phe Gly Ser Thr Thr Ser Ala Ser Asn Aan 
1490 1495 1500 

50 Arg Pro Thr Phe Leu Asn Gly Val Gly Ala Gly Ala Asn Leu Thr Ala 

1505 1510 1515 1520 



Ala Leu Gly Val Ala Hie Ser Ser Thr His Glu Gly Lys Pro Val Oly 
1525 1530 153S 

He Phe Pro Ala Phe Thr Ser Thr Asn Val Ser Ala Ala Leu Ala Leu 
1540 1545 1550 



Asp Asn Arg Thr Ser Gin Ser He Ser Leu Glu Leu Lys Arg Ala Glu 
60 1555 1560 1565 

Pro Val Thr Ser Asn Asp He Ser Glu Leu Tbr Ser Thr Leu Gly Lys 
1570 1575 1580 
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His Phe Lys Asp Ser Ala Thr Thr Lys Met lieu Ala Ala Leu Lye Glu 
1585 1590 1595 1600 

Leu Asp Asp Ala Lys Pro Ala Glu Gin Lou Bis lie Leu Gin Gin His 
5 160S 1610 1615 

Phe Ser Ala Lys Asp Val Val Qly Asp Glu Arg Tyr Glu Ala val Arg 
1620 1625 1630 

10 Asn Leu Lys Lys Leu Val lie Arg Gin Gin Ala Ala Asp Ser His Ser 

1635 1640 1645 



15 



30 



45 



Met Glu Leu Gly fier Ala Ser His Ser Thr Thr Tyr Asn Asn Leu Ser 
1650 1655 1660 

Arg lie Asn Asn Asp Gly lie Val Glu Leu Leu His Lys His Pne Asp 
1665 1670 1675 1680 



Ala Ala Leu Pro Ala Ser Ser Ala Lys Arg Leu Gly Glu Met Met Asn 
20 1685 1690 1695 

Asn Asp Pro Ala Leu Lys Asp He He Lys Gin Leu Glu Ser Tar Pro 
1700 1705 1710 

25 Phe Ser Ser Ala Ser Val ser Met Glu Leu Lys Asp Gly Leu Arg Glu 

1715 1720 1725 



Gin Thr Glu Lys Ala He Leu Asp Gly Lys Val Gly Arg Glu Glu Val 
1730 1735 1740 

Gly Val Leu Phe Gin Asp Arg Asn Asn Leu Arg Val Lys Ser Val Ser 
1745 1750 . 1755 1760 



Val Ser Gin Ser Val Ser Lys Ser Glu Gly Phe Asn Thr Pro Ala lieu 
35 1765 1770 1775 

Leu Leu Gly Thr Ser Asn Ser Ala Ala Met Ser Met Glu Arg Asn He 
1780 17B5 1790 

40 Gly Hit He Asn Phe Lys Tyr Gly Gin Asp Gin Asn Thr Pro Arg Arg 

1795 1800 1805 



Phe Thr Leu Glu Gly Gly He Ala Gin Ala Asn Pro Gin Val Ala Ser 
1810 1815 1620 

Ala Leu Thr Asp Leu Lys lys Glu Gly Leu Glu Met Lys Ser 
1825 1830 1835 



50 Ihis protein or polypeptide is about 198 KDa and has a pi of 8.98, 

The present invention relates to an isolated DNA molecule having a 
nucleotide sequence of SEQ. ID. No. 9 as follows: 

55 ATGACATCGT CACAGCAGCG GGTTGAARGG TTTTTACA3T ATTTCTCCGC OGGGTGtAAA SO 

ACGCCCATAC ATCTGAAAGA 0GGGGTG7GC GCCCTGTATA ACGAACAAGA TGAGGAGGCG 120 

GCGGTGCXGG AAGTACCGCA ACACAGCGAC AGCCTGTTAC TACACTGC0G AATCATTGftG 180 

60 

GCXGftCCCAC AAACTTCAAT AACCCTGTAT TCGATCCTAT TACAGCT3AA TTTTGAAATG 240 
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0O3G0CB.TOC GCQGCTGTTG GCTGGCGCTG GATQAACTGC ACAACGTOC3 tv muWK 300 

CAGCAOTCGC TGGAGCATCT GGWGAAGCA AGTTTTA3CG KEATCQTTAQ 033CTTCKEC 1 360 

5 GAACATGCGG CAQAA0TQ03 TOAGTATAIA GC3CAJOTA0 ACGAGAOTAO CGCGOCAtAA 420 



This is known as the dspF gene. His isolated DNA molecule of the present invention 
encodes a hypersensitive response elicitor protein or polypeptide having an amino 
10 acid sequence ofSEQ. ID. No. 10 as follows: 



15 



20 



30 



35 



Mot Tbr Ser Ser Qln Gin Arg Val Qlu Arg Phe Leu am Tyr phe ear 

1 5 in 



10 

Gly Cys Lys Tfar Pro lie His lieu Lye Asp Gl\ 
20 25 

Asa Glu Gin Asp Glu Glu Ala Ala Val lieu Glu 
35 40 

Asp Ser Leu Leu Leu His Cyis Arg He lie Glu 
50 55 60 



' Thr Ser lie Thr Leu Tyr Ser Met Leu Leu Ola Leu Aim Phe Glu Met 
65 70 75 



85 90 

Arg Leu Cys Phe Gin Glu Ser Leu Glu Hie Leu 
100 105 

Ser Asp lie Val Ser Gly Phe lie Glu Hie Ala 
115 ao 

Tyr He Ala Gin Leu Asp Glu Ser Ser Ala Ala 
"° 135 



Ola Tyr She 
15 


Ser 


Val 


Cye Ala 
30 


Leu 


Val 
45 


Pro Gin 


His 


Ala 


Asp Pro 


Ola 


Asa 


Phe Glu 


Met 
80 


Leu 


Els Asa 
95 


Val 


Glu 


Ala Ser 
no 


Phe 


Glu 
125 


Val Arg 


Glu 



40 This protein or polypeptide is about 16 kDa and has a pi of 4.45. 

The hypersensitive response elicitor polypeptide or protein derived 
fiom Pseudomonas syringae has an amino acid sequence corresponding to SEQ. ID. 
No. 11 as follows: 

45 Met Ola ser Leu Ser Leu Asa Ser Ser Ser Leu Glu ttr Pro Ala Met 

* S in 



10 



15 



Ala Leu Val Leu Val Arg Pro Glu Ala Qlu Thr Thr Gly Ser rhr Ser 
20 25 30 

50 ser Lys Ala Leu Gin Glu Val Val Val Lya Leu Ala gi u Glu Leu Met 

35 40 45 

Arg Aen Gly Gla Leu Aap Aap Ser Ser Pro Leu Gly Lya Leu Leu Ala 



55 60 
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10 



15 



20 



25 



30 



35 



Lye Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly lie Glu Asp Val 
65 70 75 )8 0 

He Ala Ala Leu Asp Lys Leu He His Glu Lys Leu Gly Asp Asn Phe 
85 so S5 

Gly Ala Ser Ala Asp Ser Ala ser Gly Thr Gly Gin Glu Asp Leu Met 
100 105 no 

Kir Gin Val Leu Asn Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu 
1X S 120 us 

Thr Lys Gin Asp Gly Gly Thr Ser Phe Ser Glu Asp Aap Met Pro Met 
130 135 uo 

Leu Asn Lys lie Ala Gin Phe Met Asp Asp Asn Pro Ala Gla Phe Pro 
145 350 i5s 16Q 

Lys Pro Asp Ser Gly Ser Trp Val Asn Glu Leu Lys Glu Asp Asn Phe 
165 170 175 

Leu Asp Gly Asp Glu Thr Ala Ala Phe Arg Ser Ala Leu Asp He lie 
1«0 185 iso 

Gly Gin Gin Leu Gly Asn Gin Gin Ser Asp Ala Gly Ser Leu Ala Gly 
195 200 205 

Thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn Ser Ser 
210 215 220 

Val Met Gly Asp Pro Leu He Aep Ala Asn Thr Gly Pro Gly Asp Ser 
225 230 235 240 

Gly Asn Thr Arg Gly Glu Ala Gly Gin Leu He Gly Glu Leu He Asp 
2 *5 2S0 255 

Arg Gly Leu Gin Ser Val Leu Ala Gly Gly Gly Leu Gly Thr Pro Val 
260 265 270 

Asn Thr Pro Gin Thr Gly Thr Ser Ala Asn Gly Gly Gin Ser Ala Gin 
275 200 285 

Asp Leu Asp Gin Leu Leu Gly Gly Leu Leu Leu Lys Gly Leu Glu Ala 
290 295 300 

Thr Leu Lys Asp Ala Gly Gin Thr Gly Thr Asp Val Gin Ser Ser Ala 
305 310 3is 320 

Ala Gin He Ala Thr Leu Leu Val Ser Thr Leu Leu Gin Gly Thr Arg 
325 330 335 

Asn Gin Ala Ala Ala 
340 
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180 

240 

300 

360 

420 

iao 

540 

£00 

6C0 

720 

780 

840 

900 

9*0 
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vvhich is hereby incorporated by reference. The protein has a nucleotide sequence of 

SEQ. ID. No, 13 as follows: 5 

TCCWOTCSC TGATnTGAA ATTOGCAGAT TCATAGAAAC OTTCAGOTOT GGAAATCAGG • 60 

CTGAGTGC3C AGATTTCGTT GATAAGGOT3 K3GTACF9GT CR3ETOXT30X CA3TTCAAJ33 120 

CCTCTGRfiTS OGGIGOSSM CTI X CTCJLIXJ GanSTOCftC ACTXBU3T03C 1EO 

0 AGGCATAGGC ATTTCAGTTC CTTGCGTTGQ TTCGGCATAT AAAAAAAG3A ACTTTTAAAA 240 

AOMJTGCAAT GAGAXGCCGG CAAAACGQGA ACOGGTCGCT GCOCTTPGCC ACTCACTTC3 300 

^ AGCAAGCTCA ACCCCAAACA TCCACATCOC TATOGAA003 ACAOOSAXAC GGCCACTTGC 360 

TCTGGTAAAC CCTGGAGCTG QCGTCGGTCC AATTGCCCAC TXAGOGAQGT AACGGAGCAT 420 

GAGCATCGGC ATCACACCCC QGCCGCAACA GACCACCACQ CCACTOGA2T TTTOGGOGCT 480 

0 AAGCGGCAAG AGTCCTCAAC CAAACACGTT CGGCGAGCAG AACACTCAOC AAGCGATCSA 540 

CCCGAGTGCA CTGTTGTT09 GCAOCQACAC ACAGAAAOAC GTCAACTTOQ GCAOGCOCGA 600 

CAGCACOOTC CftGAATCCOC AGGACGCCAG CAAGCCCAAC GACAOCCAGT CCAACATC3C 660 

TAAATTdRTC AGTQCATTGA tCATGTCGTT GCTGCAGATG CTCACCAACT CCAATAAAAA 720 

GCAGGACACC AATCAGQAAC AGCCTGAXAG CCAGGCTCCT TTCCAOAACA ACGGCGQGCT 780 

CGGTACACCG TCGGCCGAIA GCGOGGGCGG CGGTACACCQ GATGCGACAG GTGGCGGCOO 840 

CGGTGATACG CCAAGCGCAA CAGGCOGTGG CQQCGGTGAT ACTCCGACCO CAACR00CGG 900 

TGGCGGCAGC GQTGGGQQCQ QCACACCCAC TGCAACAGQT GGCS9GCAQCX3 QTQOC!ACACC 960 

CACTGCAACA GGCGGTGQCG AGGOTGGCQT AACACCGCAA ATCACTCOGC AGTTOGCCAA 1020 

CCCTAACCGT ACCTCAGGTA CTGGCTOQGT CTOOOACAOC GCAJ3QTTCTA COQAGCAAGC 1080 

CGGCAAGATC AATGTGGTQA AAGACACCAT CAAGGTCOGC GCTGQCQAAQ TCTTTGA03G 1140 

CCACQG08CA ACCTTCACTtJ OCGACAAATC TATOGOTAAC GGAGACCAQQ GCGAAAATCA 1200 

QAAGCCCATG TTCQAQCTQG CTGAAGGCGC TACGTTGARQ AATGTQAACC TOGQTGAOAA 1260 

CGAGGTCGAT GGCATCCACO TGAAW3CCAA AAACGCTCAG GAAGTCACCA TTGACAAOGfX 1320 

GCATGCCCAG AACGTCGOTG AAGACCTOAT TACGGTCAAA GGCGAflOQAQ GCGCAGCQOT 1380 

CACTAATCTQ AACATCAAGA ACAGCAGTQC CAAAGGTOCA GACGACAAGG TTGTCCAGCT 1440 

CAACGCCAAC ACTCACTTX3A AAATCGACAA CXTCARGOCC GACGATTTCQ GCACQATQQT 1S00 

TCGCACCAAC GGTQGGAAGC AGTTTGATGA CATOAQCATC GAGCTQAAOQ GCATOQAAOC 1560 

TAACCACQQC AAGTTCGCCC TGGTGAAAAG CGACAGTGAC GATCTQAA3C TGGCAACGOG 1620 

CAACAT03CC ATGACCGACQ TCAAACACGC CEACQATAAA ACCCAGGCAT CGACCCAACA 1680 

CACCGAGCTT TGAATCCAGA CAAGTAGCTT GAAAAAAGGG GGTGSACTC 1729 
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This DNA molecule is known as the dspE gene fxxPseudomonas syringae. His 
isolated DNA molecule of the present invention encodes a protein or polypeptide 
which elicits a plant pathogen's hypersensitive response having an amino add 
sequence ofSEQ. ID* No. 14 as follows: 

5 

Met Ser He Gly lie Thr Pro Arg Pro Gin Gin TSir Thr Thr Pro lieu 
1 5 10 is 

Asp Phe Ser Ala Leu Sex Gly Lys ser Pro Gin Pro Asn Thr Phe Gly 
10 20 25 30 



15 



20 



30 



35 



45 



50 



Glu Gin Abb Tor Gin Gin Ala He Asp Pro Ser Ala lieu Leu Phe Gly 
35 40 45 

Ser Asp Thr Gin Lys Asp Val Asn Phe Gly Thr Pro Asp Ser Thr Val 
50 55 60 

Gin Asn Pro Gin Asp Ala Ser Lys Pro Asn Asp Ser Gin Ser Asn He 
6 5 70 75 80 

Ala Lys Leu lie Ser Ala Leu He Met Ser Leu Leu Gin Met Leu Thr 
85 90 95 



Asn Ser Asn Lys Lys Gin Asp Thr Asn Gin Glu Gin Pro Asp Ser Gin 
25 100 105 no 



Ala Pro Phe Gin Asn Asn Gly Gly Leu Gly Thr Pro Ser Ala Asp Ser 
115 120 125 

Gly Gly Gly Gly Thr Pro Asp Ala Thr Gly Gly Gly Gly Gly Asp Thr 
130 135 140 

Pro Ser Ala Thr Gly Gly Gly Gly Gly Asp Thr Pro Thr Ala Thr Gly 
150 155 160 

Gly Gly Gly Ser Gly Gly Gly Gly Thr Pro Thr Ala Thr Gly Gly Gly 
1$5 170 175 



Ser Gly Gly Thr Pro Thr Ala Thr Gly Gly Gly Glu Gly Gly Val Thr 
40 180 185 190 



Pro Gin lie Thr Pro Gin Leu Ala Asn Pro Asn Arg Thr Ser Gly Thr 
155 , 200 205 

Gly Ser Val Ser Asp Thr Ala Gly Ser Thr Glu Gin Ala Gly Lys lie 
210 215 220 

Asn Val Val Lys Asp Thr He Lys Val Gly Ala Gly Glu Val Phe Asp 
225 230 235 34O 

Gly His Gly Ala Thr Phe Thr Ala Asp Lye Ser Met Gly Asn Gly Asp 
245 250 255 



Gin Gly Glu Asn Gin LyB Pro Met Phe Glu Leu Ala Glu Gly Ala Thr 
55 260 265 270 



WO 01/98501 



PCT/USO1/18820 



10 



-29- 



Leu Lye Asn Val Asn Lett Gly Glu Asn Qlu Val Asp Gly lie His Val 
275 280 265 

Lys Ala Lys Asn Ala Gin Qlu Val "Ehr lie Asp Asa Val His Ala Gin 
290 , 295 300 

Asn Val Gly Glu Aap lieu He Tar Val Lye Gly Glu Gly Gly Ala Ala 
305 310 315 320 

Val Thr Asn lieu Asn He Lys Asn Ser Sex Ala Lys Gly Ala Asp Asp 
325 330 335 



Lys Val Val Gin Leu Asn Ala Asn Thr His Leu Lys lie Asp Asn Phe 
15 340 345 350 

Lys Ala Asp Asp Phe Gly Thr Met Val Arg Thr Asn Gly Gly Lye Gin 
355 360 365 

20 Phe Asp Asp Met Ser He Glu Leu Asn Gly He Gin Ala Asn His Gly 

370 375 360 



25' 



Lys Phe Ala Leu Val lys Ser Asp Ser Asp Asp Leu Lys Leu Ala Thr 
385 390 395 400 

Gly Asn He Ala Met Tor Asp Val Lys His Ala Tyr Asp Lys Thr Gin 
405 410 415 



Ala Ser Thr Gin His Thr Glu Leu 
30 420 



This protein or polypeptide is about 425 kDa. 

This hypersensitive response elicitor from Pseudomonas syringae has 1 
35 hypersensitive response eHdtmg domain. This domain extends, within SEQ, ID. No, 

14, from amino acid 45 to amino add 102, particularly from amino acid 58 to amino 

arid 92. Hie acidic unit in the first domain extends, within SEQ. ID. No* 14, from 

amino acid 45 to amino acid 79, particularly from amino arid 58 to amino acid 79. 

Hea^ha-helix in the first domain extends, within SEQ. ID, No. 14, from amino arid 
40 79 to amino arid 1 02, particularly from amino acid 79 to amino acid 91 

The hypersensitive response elicitor polypeptide or protein derived 

from Pseudomonas sohmacearum has an amino acid sequence corresponding to SEQ. 

ID. No. 15 as follows: 

45 Met Ser Val Qly Asn He Gin Ser Pro Ser Asn Leu Pro Gly lieu Gin 

15 10 15 

Asn lieu Asn Leu Asn xhr Asn Thr Aen Ser Gin Gin Ser Gly Gin Ser 
20 25 30 
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Val Gin Asp Leu lie Lys Gin Val Glu Lys Asp He Leu Asn He He 
'35 40 45 ( 

Ala Ala Leu Val Gin Lys Ala Ala Gin Ser Ala Gly Gly Aon Thr Gly 
50 ' 55 €0 

5 Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala Asn Ala Gly Ala 

65 70 75 ' 80 

Asn Asp Pro ser Lys Aen Asp Pro Ser Lys Ser Gin Ala Pro Gin Ser 
85 so 95 

Ala Asn Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gin Asp Pro Met 
10 100 105 110 



15 



Gin Ala Leu Met Gin Leu Leu Glu Asp Leu Val Lys Leu Leu Lys Ala 
115 120 125 

Ala Leu His Met Gin Gin Pro Gly Gly Asn Asp Lys Gly Asn Gly Val 
130 135 140 

Gly Gly Ala Asn Gly Ala Lys Gly Ala Gly Gly Gin Gly Gly Leu Ala 
1*5 150 155 160 

Glu Ala Leu Gin Glu He Glu Gin He Leu Ala Gin Leu Gly Gly Gly 
165 170 175 



Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly Val Gly Gly Ala Gly Gly 
20 180 185 ISO 

Ala Asp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala 
195 200 20S 



25 



Asp Gly Gly Asn Gly Val Asn Gly Asn Gin Ala Asn Gly Pro Gin Asn 
210 215 220 

Ala Gly Asp Val Asn Gly Ala Asn Gly Ala Asp Asp Gly Ser Glu Asp 
225 230 235 240 



30 



Gin Gly Gly Leu Thr Gly Val Leu Gin Lys Leu Met Lys He Leu Asn 
245 250 255 

Ala Leu Val Gin Met Met Gin Gin Gly Gly Leu Gly Gly Gly Asn Gin 
260 265 270 



Ala Gin Gly Gly Ser Lys Gly Ala Gly Asn Ala Ser Pro Ala Ser Gly 
275 280 285 



Ala Asn Pro Gly Ala Asn Gin Pro Gly Ser Ala Asp Asp Gin Ser Ser 
230 2S5 300 

35 Gly Gin Asn Asn Leu Gin Ser Gin He Met Asp Val Val tiys Glu Val 

305 310 315 320 

Val Gin He Leu Gin Gin Met Leu Ala Ala Gin Asn Gly Qly Ser Gin 
325 330 335 
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Gln Ser Thr fier Thr Gin Pro Met 
340 

It is encoded by a DNA molecule having a nucleotide sequence corresponding SEQ. 
ID. No. 16 as follows: 

S ATGTCAQTCQ GAAACATCCA GAQCCCGTCG AACCTCCCGG GTCTGCAGAA CCTGAACCTC 60 

AACACCAACA CCAACAGCCA GCAATOGGOC CAQTCCQTQC AAGACCTGAT CAAOCAGGTC 120 

GAGAAGGACA TCCTCAACAT CATCGCAGCC CTCGTGCAGA AGGCCGCACR GTCGGOGGGC 180 

GGC&ACAOOG GTAACACC3G CAAOGCQCCG GCGAAGOAOQ GCAATGCCAA CGCGOGCGCC 240 

AACQACCOGA GCAAGAAOGA CCCGAGCAAG AGCCAGGCTC GGCAGTCGGC CAACAAGACC 300 

10 GGCAACGTCG ACGACGCCAA CAACCA6GAT CCGATGCAAO OGCTGATGCA GCTGCTGGAA 360 

GACCTGGTGA AGCTGCTGAA GGCGGCCCTG CACATGCAGC A0CCCGGCG3 CAATGACAAG 420 

GGCAACGGCG TGGGCGGTGC CAACGGCGCC AAGGGTGCGG GCGGCCAQGO CQQCCTGGCC 480 

GAAQCGCTQC AGGAGAXCGA GCAGATCCTC GC0C&SCTC3 GCGGCGGCGG TGCXGG08CC 540 

GGCGGCGCGG GTGGCGGTGT COGCGGTGCT GGTGGCGCGQ ATGGCGGCTC CGGTGCGQOT 600 

IS GGCGCAGGCG GTGCGAACGG CGCCGACGGC GGCAATQGCG TGAACGGCAA CCAGGOOAAC 660 

GGCCCGCAGA ACGCAGGCGA TGTCAACGGT GCCAACGGCG CGQATGACGG CAGCGAAGAC 720 

CAGGGCQGCC TCACCGGCQT GCTGCAAAAG CTGATGAAGA TCCTGAACGC GCTGGTGCAG 780 

ATGATGCAGC AAGGCGGCCT CGGCGGCQGC AACCAGGCGC AOGGCGQCTC GAAGGGTGCC 840 

GGCAACGCCT C3GCGGCTTC CGGCGCGAAC CCGGOCGC3A ACCAGCCOGG TTCGGCQGAT 900 

20 GATCAATOGT CCGGCCAGAA CAATCTGCAA TCCCAGATCA TGGATGTGGT GAAGGAQC3TC 960 

GTCCAGATOC TGCAGCAGAT GCTGGOGGOS CAGAACGGCG GCAGCCAGCA GTCCACCTCG 1020 

A06CAGCCGA TCJXAA 1035 



25 Further information regarding the hypersensitive response elicitor polypeptide or 
protein derived from Pseudomonas solanacearum is set forth in Ariat, M, F. Van 
Gijsegem, J. C. Huet, J. C Pemollet, and C. A. Boucher, "PopAl, a Protein which 
Induces a Hypersensitive-like Response in Specific Petunia Genotypes, is Secreted 
via the Hip Pathway of Pseudomonas solanacearum? EMBOI 13:543-533 (1994), 

30 which is hereby incorporated by reference. 

The hypersensitive response elicitor from Pseudomonas solanacearum has 2 
hypersensitive response eliciting domains. The first domain extends, within SEQ. ID. 
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No. 15, from amino acid 85 to amino add 131, particularly from amino add 95 to 
amino acid 123. The addicumt in the first domain extends, within SEQ. ID. No. 15, 
from amino add 85 to amino acid 111, particularly from amino add 95 to amino acid 
123. Hie alpha-helix in the first domain extends, within SEQ. ID, No. 15, fixnn 
5 amino add 85 to amino add 111, particularly from amino add 95 to amino add 111. 
The second domain extends, within SEQ. ID. No, 15, from amino add 195 to amino 
add 264, particularly from amino add 229 to arninn add 258* The addic unit in the 
second domain extends, within SEQ. ID. No. 15, from amino add 195 to amino add 
246, particularly from amino add 229 to amino add 264. The alpha-helix in the 
10 second domain extends, within SEQ. ID. No. 1 5, from amino add 246 to amino add 
264, particularly from amino add 246 to amino add 258. 

The N-terminus of the hypersensitive response elidtor polypeptide or 
protein from Xanlhomonas campestris has an amino add sequence corresponding to 
SBQ. ID. No. 17 as follows: 

15 

Met Asp Gly lie Oly Asa His Phe Ser Asn 
15 10 

The hypersensitive response elidtor polypeptide or protein from 
Xanthomonas campestris pv. pelargonii is heat stable, protease sensitive, and has a 
molecular wdght of 20 kDa. It includes an amino add sequence corresponding to 
SEQ. ID. No. 18 as follows: 

Ser Ser Gin Gin Ser Pro Ser Ala Gly Ser Glu Gin Gin Leu Asp Gin 
15 10 is 

fceu Leu Ala Met 
20 

Isolation of Erwinia carotovora hypersensitive response elicte protein 
or polypeptide is described in Cui et aL, "The RsmA Mutants of Erwinia carotovora 
subsp. carotovora Strain Ecc71 Overexpress hrp N&c and Elicit a Hypersensitive 
Reaction4ike Response in Tobacco Leaves," MPML 9(7):565-73 (1996), which is 
hereby incorporated by reference. The hypersensitive response elidtor protein or 
polypeptide of Erwinia stewariii is set forth in Ahmad et at, "Haipin is Not 
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Necessary for the Pathogenicity of Erwinia stewartii on Maize," MhTnfl. Honfr 
Molec. Plant-Microbe Interact. July 14-19, 1996 and Ahmad, ct aL, 'Barpin is Not 
Necessary for the Pathogenicity of Erwinia stewartii on Maize,* AmMtg> Am. 
PhvtopafL Soc.. My 27-31, 1996, which are hereby incorporated by reference. 
5 Hypersensitive response elicitor proteins or polypeptides from 

Phytophthora parasitica, Phytophthora ayptogea, Phytophthora cmnamotd, 
Phytophthora capsici, Phytophthora megasperma, wdPhytophora citrophthora are 
described in Raman, ei al, "Extracellular Protein Elicitors from Phytophthora: Most 
Specificity and Induction of Resistance to Bacterial and Fungal Fhytopathogens," 

10 Molea Plant-Microbe Interact. 6(1):15~25 (1993), Rioci et at, "Structure and 
Activity of Proteins from Pathogenic Fungi Phytophthora Eliciting Necrosis and 
Acquired Resistance in Tobacco," Bur. LBiochem.. 183:555-63 (1989), Ricci et aL, 
**DiSerential Production ofParasiticein, and Elicitor of Necrosis and Resistance in 
Tobacco, by Isolates of Phytophthora parasitica," Plant Path. 41*298-307 (1992), 

15 Baillreul et al, a A New Elicitor of the Hypersensitive Response in Tobacco: A 

Fungal Glycoprotein Elicits Cell Death, Expression of Defence Genes, Production of 
Salicylic Acid, and Induction of Systemic Acquired Resistance," Plant J.. 8(4):551-60 
; (1995), and Bonnet etaL, "Acquired Resistance Triggered by Elicitors in Tobacco 
. and Other Plants," Ear. J. Plant Path,. 102:1 81-92 (1996), which are hereby 

20 incorporated by reference. 

Another hypersensitive response elicitor in accordance with the present 
invention is from Qavibacter niichiganensis subsp* sepedonicus which is fully 
* described in UJ5. Patent Application Serial No. 09/136,625, which is hereby 
incorporated by reference. 

25 The above elicitors are exemplary. Other elicitors can be identified by 

growing fungi or bacteria that elicit a hypersensitive response undo: conditions which 
genes encoding an elicitor are expressed Cell-free preparations from culture 
supematants can be tested for elicitor activity (Le. local necrosis) by using them to 
infiltrate appropriate plant tissues. 

30 Fragments of the above hypersensitive response elicitor polypeptides 

or proteins as well as fragments of full length elicitors from other pathogens are 
encompassed by the method of the present invention. 
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.Suitable fogments^ be produced by several means, la the first, 
subclones of the gene encoding a known elicitor protein axe produced by conventional 
molecular genetic manipulation by subcloning gene Augments. The subclones then 
aree^edfc^orwy^mbacteridcenstoyiddas^ 
5 fliatcari be tested for eUcitoractmryacccT^ 

As m alternative, fragments of an efo^protem can be produced by 
digestion of a full-length elicitor protein ^vifh proteolytic enzymes Hke chymotrypsin 
or 5^tyfocmw proteinase A, ortiypsin. Different raoteolytic enzymes are likely 
to cleave elicitor proteins at different sites based on the amino acid sequence of the 
10 ■ ehcitor protein. Some offhe fragments that result from i^teolysisrnaybe active 
elicitors of resistance. 

In anotr^apr^acr^ based on knowledge ofmepim^ 
the protein, fragments of the eEcitor I^temge^inaybesyrJhesizedbyusmgme 
PCRtecr^quetogetewrms^ 
15 portions ofthe protein. ^^^Ud^^m,^^^^ 
expression of a truncated peptide or protein. 

aemical synthesis can also be used to make suitable fragments Such 

Pioduced. Alternatively,^^ 

pre^wiU produce fragments. These fragments can thai be separated by 
conventional procedures (eg, chromatography, SDS-PAGE). 

An example of suitable fragments of a hypersensitive response elicitor 
winch do eUcit ahvperBensitxve response are £^ ^ W 
a C-tenmnal fragment of the amino acid sequence of SEQ. ID. No. 3, an N-terminal 
25 fragment of the amino acid sequence of SEQ. ID. No. 3, or an internal fragment of the 
armnoacidseqnenceofSBQ.ID.No.3. The C-tanfad fragment ofmeamino acid 

TneN-tenninal fragment ofmeamino acid sequence ofSEQ. ID. No. 3 can span me 
M^amino acids ofSEQ.ID.No.3: 1 and**, 1 and 104, 1 and 122, 1 and 168 
30 1 and218, 1 and 266, 1 and342, 1 and321, and 1 and372. Tne internal fragment* 
the amino acid sequence of SEQ. ID. No. 3 can span the following arnino acids of 



20 
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SEQ. ID. No, 3; 76 and 209, 105 and 209, 99 and 209, 137 and 204, 137 and 200, 
109 and 204, 109 and 200, 137 and 180, and 105 and 180. 

Suitable DNA molecules are those that hybridize to the DNA molecule 
comprising a nucleotide sequence of SBQ. ID* Nos. 2, 4, 5, 7, 9, 12, 13, and 16 under 
5 stringent conditions. An example of suitable high stringency conditions is when 
hybridization is earned out at 65°C for 20 hours in a medium containing 1M NaCl, 50 
mM Tris-HCl, pH 7.4, 10 mM EDTA, 0.1% sodium dodecyi sulfide, 0.2% ficoll, 
0.2% polyvinjipyrrolidone, 0,2% bovine serum albumin, 50 pm g/ml K coti DNA* 
Suitable stringency conditions also include hybridization in a hybridization buffer 
10 ' comprising 0.9M sodium citrate ("SSC") buffer at a temperature of 37°C where 
hybridized nucleic acids remain bound when subj cct to washing die SSC buffer at a 
temperature of 37°C; and preferably in a hybridization buffer comprising 20% 
• 1 foimanride in 0.9M SSC buffer at a temperature of 42°C where hybridized nucleic 
acids remain bound when subj ect to washing at 42°C with 0.2x SSC buffer at 42°C. 
15" Variants may be made by, for example, the deletion or addition of 

amino acids that have minimal influence on the properti es, secondary structure and 
hydropathic nature of the polypeptide. For example, a polypeptide may be conjugated 
to a signal (or leader) sequence at theN-terminal end of the protein which co~ 
* translationally or post-translationally directs transfer of fee protein. The polypeptide 
20 ; may also be conjugated to a linker or other sequence for ease of synthesis, 
purification, or identification of the polypeptide. 

A particularly advantageous aspect of fee present invention involves 
utilizing a protein having a pair or more, particularly 3 or more, coupled domains. 
These domains can be from different source organisms. When a DNA molecule 
25'* encoding such a protein is prepared, it can be advantageously used to make transgenic 
' plants. The use of a gene encoding such domains, as opposed to a gene encoding a 
full length hypersensitive response elicitor, has a number of benefits. Firstly, such a 
gene is easier to synthesize. More significantly, fee use of a plurality of domains 
together from different source organisms can impart their combined benefits to a 
30 transgenic plant 

The DNA molecule encoding the hypersensitive response elicitor 
polypeptide or protein can be incorporated in cells using conventional recombinant 
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DNA technology. Generally, this involves inserting the DNA molecule into an 
expression system to which the DNA molecule is heterologous (ie. not normally 
present). The heterologous DNA molecule is inserted into the expression system or 
vector in proper sense orientation and correct reading frame. The vector contains the 
5 necessary elements for the transcription and translation of the inserted protein-coding 
sequences. 

US. Patent No. 4,237,224 to Cohen and Boyer, which is hereby 
incorporated by reference, describes the production of expression systems in the form 
of recombinant plasmids using restriction enzyme cleavage and ligation with DNA 

10 ligase. These recombinant plasmids axe then introduced by means of transformation 
and replicated in unicellular cultures including procaryotic organisms and eucaxyotic 
cells grown in tissue culture. 

Recombinant genes may also be introduced into viruses, such as 
vaccina virus. Recombinant viruses can be generated by transfectkm of plasmids into < 

15 cells infected with vims. 

Suitable vectors include, but are not limited to, the following viral 
vectors such as lambda vector system gtl 1, gt WES.tB, Charon 4, and plasmid vectors 
such as pBR322, pBR325, pACYC177, pACYC1084, pUC8, pUC9, pUC18, pUC19, 
pLG339, pR290, pKC37, pKClOl, SV 40, pBhiescript U SK or KS +/- (see 

20 "Stratagene Cloning Systems" Catalog (1993) from Stratagene, La Jolla, Calif; which 
is hereby incorporated by reference), pQE, pIH821, pGEX, pET series (see F.W. 
Studiet el aL, "Use of 17 RNA Polymerase to Direct Expression of Cloned Genes" 
Gene Expression Technology vol 185 (1990), which is hereby incorporated by 
reference), and any derivatives thereof Recombinant molecules can be introduced 

25 into cells via transformation, particularly transduction, conjugation, mobilization, or 
electroporation. The DNA sequences are cloned into the vector using standard 
cloning procedures in the art, as described by Sambrook et aL, Molecular C lnmnff A 
Laboratory Manual Cold Springs Laboratory, Cold Springs Harbor, New York 
(1989), which is hereby incorporated by reference. 

30 A variety of host-vector systems may be utilized to express the protein- 

encoding sequences). Primarily, the vector system must be compatible with the host 
cell used. Host-vector systems include but are not limited to the following: bacteria 
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transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA; 
microorganisms such as yeast containing yeast vectors; mammalian cell systems 
infected with virus (e.g., vaccinia vims, adenovirus, etc.); insect cell systems infected 
with virus (e.g^ baculovirus); and plant cells infected by bacteria. lie expression 

5 elements of these vectors vary in their strength and specificities. Depending upon the 
host-vector system utilized, anyone of a number of suitable transcription and 
translation elements can be used. 

Different genetic signals and processing events control many levels of 
gene expression (e.g., DNA transcription and messenger RNA (mRNA) translation). 

10 • Transcription of DNA is dependent upon the presence of a promote 

which is a DNA sequence that directs the binding of UNA polymerase and thereby 
promotes mRNA synthesis. The DNA sequences of eucaryotic promoters differ from 
those of procaryotic promotes. Furthermore, eucaryotic promoters and 

• accompanying genetic signals may not be recognized in or may not function in a 

15 procaryotic system, and, further, procaryotic promoters are not recognized and do not 

• function in eucaryotic cells. 

• Similarly, translation of mRNA in procaryotcs depends upon 
the presence ofthe proper procaryotic signals which differ from those of eucaryotes. 
Efficient translation of mRNA in procaryotes requires a ribosome binding site called 

20 the Shine-Dalgamo ("SD") sequence on the mRNA This sequence is a short 

nucleotide sequence of mRNA that is located before the start codon, usually AUG, 
which encodes the ammo-terminal methionine ofthe protein. The SD sequences are 
complementary to the 3*-end ofthe 16S rRNA (ribosomal KNA) and probably 
promote binding of mRNA to ribo somes by duplexing with the iRNA to allow correct 

25 positioning ofthe ribosome. For a review on maximizing gene expression, see 
Roberts and Lauer, Methnds fn 'Rn zymology. 68:473 (1979), which is hereby 
incorporated by reference. 

Promoters vary in their "strength" (i.e. their ability to promote 
transcription). For the purposes of expressing a cloned gene, it is desirable to use 

30 strong promoters in order to obtain a high level of transcription and, hence, 

expression ofthe gene. Depending upon the host cell system utilized, any one of a 
number of suitable promoters may be used For instance, when cloning in E. coli, its 
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bacteriophages, or plasmids, promoters such as the T7 phage promoter, lac promoter, 
trp promote, reck promoter, ribosomal RNA promoter, the P R and P L promoters of 
coliphage lambda and others, including but not limited, to lacUVS, ompB, bla, 1pp % 
and the like, maybe used to direct high levels of transcription of adjacent DNA 
5 segments. Additionally, a hybrid trp-k<W5 (tac) promoter or oflier£ coU 

promoters produced by recombinant DNA or other synthetic DNA techniques may be 
used to provide for transcription of the inserted gene. 

Bacterial host cell strains and expression vectors may be chosen which 
inhibit the action of the promoter unless specifically induced. In certain operations, 
10 the addition of specific inducers is necessary for efficient transaction of the inserted 
DNA For example, the lac operon is induced by the addition of lactose or IPTG 
Cisopropylthio-beta-D-galactoside). A variety of other operons, such as trp,pro, etc., 
are under different controls. 

Specific initiation signals are also required for efficient gene 
1 5 transcription and translation in procaryotic cells.-. These transcription and translation 
initiation signals may vaiy in "strength" as measured by the quantity of gene specific 
messenger RNA and protein synthesized, respectively The DNA expression vector, 
which contains a promoter, may also contain any combination of various "strong" 
' transcription and/or translation initiation signals. For instance, efficient translation in 
20 & coli requires an SD sequence about 7-9 bases 5* to the initiation codon ("ATG") to 
provide* ribosome binding site. Thus, any SD-ATG combination that can be utilized 
by host cell ribosomes may be employed Such combinations include but are not 
limited to the SD-ATG combination from the arc gene or the gene of coliphage 
lambda, or from the£ coli tryptophan E, D, C, B or A genes, Additionally, any SD- 
25 ATG combination produced by recombinant DNA or other techniques involving 
incorporation of synthetic nucleotides may be used 

Once flie isolated DNA molecule encoding the hypersensitive response 
elicitor polypeptide or protein has been cloned into an expression system, it is ready 
to be incorporated into a host cell Such incorporation can be carried out by the 
30 various forms of transformation noted above, depending upon the vectacfoost cell 
system- Suitable host cells include^ but are not limited to, plant cells as wdl as 
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prokaryotic md eukaj y otic such as bacteria, vims, yeast, mammalian, insect 
cells, and the like. '< 

Thepresent invention further relates to methods of imparting disease 
resistance to plants, enhancingplant growth, effecting insect control and/or imparting 
stress resistance to plants. Thesememods involve applying a hvpersensfove response 
eUdtoriwlypepu^OTprotemtoallOTpartofaptart 

where the polypeptide or protein contacts all or part of the cells of the plant or plant 
seed Alternatively, the hypersensitive response elicitor protein or polypeptide can be 
applied to plants such that seeds recovered fiom such plants themselves are able to 
impart disease resistance in plants, to enhance plant growth, to effect insect control, 



As an alternative to applying a hypersensitive response elicitor 
polypeptideorprotektopl^ 
• plants, to effect plant growth, to control insects, and/or to impart stress resistance to 
15 the plants or plants grown from the seeds, transgenic plants or plant seeds can be 
utilized, men utilizing transgmcp 

transformed with a DNA molecule encoding a hypersensitive response elicitor 
■ polypeptide or protein and growing the plant under conditions effective to permit mat 
DNA molecule to impart disease resistance to plants, to enhance plant growth, to 
control insects, and/or to impart stress resistance. Alternatively, a transgenic plant 
seed transformed with a DNA molecule encoding a hypersensitive response elicitor 
polypeptide orprotein can be provided and planted in soO. A plant is then propagated 



20 



iinpart disease resisfc^^ 
25 to impart stress resistance. 

The method of the present invention can be utilized to treat a wide 
variety of plants or their seeds to impart disease resistance, enhance growth, control 
insects, and/or to impart stress resistance. Suitable plants include dicots and 
monocots. More particularly, useful crop plants can include: alfalfa, rice, wheat, 
30 barley, rye, cotton, sunflower, peanut, com, potato, sweet potato, bean, pea, chicory, 
lettuce, endive, cabbage, brussel sprout, beet, parsnip, turnip, cauliflower, broccoli, ' 
turnip, radish, spinach, onion, garlic, eggplant, pepper, celery, carrot, squash, 
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pumpkin, mcchini, cucumber, apple, pear, melon, citrus, strawberry, grape, xaspbeny, 
pineapple, soybean, tobacco, tomato, sorghum, and sugarcane* Examples of suitable 
ornamental plants are: Arabidopsis thaliana, Saintpaulia, petunia, pelargonium, 
poinsettia, chrysanthemum, carnation, and rinnia. 

5 With regard to the use of the hypersensitive response ehritor protein or 

polypeptide of Hie present invention in imparting disease resistance, absolute 
immunity against infection may not be conferred, but the severity of the disease is 
reduced and symptom development is delayed Lesion number, lesion size, and 
extent of sporulation of fungal pathogens are all decreased. This method of imparting 

1 0 disease resistance has the potential for treating previously untreatable diseases, 

treating diseases systemicaHy which might not be treated separately due to cost, and 
avoiding the use of infectious agents or environmentally harmful m ate ria ls. 

The method of imparting pathogen resistance to plants in accordance 
with the present invention is useful in imparting resistance to a wide variety of 

IS pathogens including viruses, bacteria, and fungi Resistance, inter alia, to the 

foEowing viruses can be achieved by the method of the present invention: Tobacco 
mosaic virus and Tomato mosaic virus. Resistance, inter alia f to the following 
bacteria can also be imparted to plants in accordance with presort invention: 
Pseudomonas solancearum, Pseudomonas syringae pv. tabad> and Xanthamonas 

20 campestris pv.pelargonii Plants can be made resistant, inter alia, to the following 
fungi by use of the method of the present invention: Fusarium oxysporum and 
Phytophthora infestim* 

With regard to the use of the hyp ersensitive response elicitor protein or 
polypeptide of the present invention to enhance plant growth, various forms of plant 

25 growth enhancement or promotion can be achieved TMs can occur as early as when 
plant growth begins from seeds or later in the life of a plant For example, plant 
growth according to the present invention encompasses greater yield, increased 
quantity of seeds produced, increased percentage of seeds germinated, increased plant 
size, greater biomass, more and bigger fruit, earlier fruit coloration, and earlier fruit 

30 and plant maturation* As a result, the present invention provides significant economic 
benefit to growers. For example, early germination and early maturation permit crops 
to be grown in areas where short growing seasons would otherwise preclude their 
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growth in that locale. Increased percentage of seed gemination results in improved 
crop stands and more efficient seed use* Greater yield, increased size, and enhanced 
biomass production allow greater revenue generation from a given plot of land. 

Another aspect of the present invention is directed to effecting any 
5 form of insect control for plants. For example, insect control according to the present 
invention encompasses preventing insects from contacting plants to which the 
hypersensitive response elicitor has been applied, preventing direct insect damage to 
plants by feeding injury, causing insects to depart from such plants, killing insects 
' proximate to such plants, interfering with insect larval feeding on such plants, 
10 preventing insects from colonizing host plants, preventing colonizing insects from 
releasing phytotoxins, etc. The present invention also prevents subsequent disease 
damage to plants resulting from insect infection. 

The present invention is effective against a wide variety of insects. 
• European corn borer is a major pest of com (dent and sweet com) hut also feeds on 
15 over 200 plant species including green, wax, and lima beans and edible soybeans, 
peppers, potato, and tomato plus many weed species. Additional insect larval feeding 
pests which damage a wide variety of vegetable crops include the following: beet 
annyworm, cabbage looper, corn ear worm, fell armywonn, diamondback moth, 
cabbage root maggot, onion maggot, seed corn maggot, pickleworm (melonworm), 
20 pepper maggot, and tomato pinwomt • Collectively, this group of insect pests 

represents the most economically important group of pests for vegetable production 
worldwide. 

Another aspect of the present invention is directed to imparting stress 
resistance to plants. Stress encompasses any environmental factor having an adverse 

25 effect on plant physiology and development Examples of such environmental stress 
include climate-related stress (e.g., drought, water, frost, cold temperature, high 
temperature* excessive light, and insufficient light), air polllutfcm stress (eg., carbon 
dioxide, carbon monoxide, sulfur dioxide, NO* hydrocarbons, ozone, ultraviolet 
radiation, acidic rain), chemical (e.g., insecticides, fungicides, herbicides, heavy 

30 metals), and nutritional stress (e.g*, fertilizer, micronutrients, macronntrients). -Use of 
hypersensitive response elicitors in accordance with the present invention impart 
resistance to plants against such forms of environmental stress. 



WO 0JU9850I 

-42- 

, The method of the present invention involving application of the 
hypersensitive response elicitor polypeptide or protein can be earned out through a 
variety of procedures when all or part of the plant is treated, including leaves, stems, 
roots, propagules (e.g., cuttings), etc. This may (but need not) involve infiltration of 
5 the hypersensitive response elicitor polypeptide or protein into the plant Statable 
application methods include high or low pressure spraying, inj ectida, and leaf 
abrasion proximate to when elicitor application takes place. When treating plant 
seeds, in accordance with the application embodiment of the present invention, the 
hypersensitive response elicitor protein or polypeptide can be applied by low or high 
10 pressure spraying, coating, immersion, or injection. Other suitable application 
procedures can be envisioned by those skilled in the art provided they are able to 
effect contact of the hypersensitive response elicitor polypeptide or protein with cells 
of the plant or plant seed Once treated with the hypersensitive response elicitor of 
the present invention, the seeds can be planted in natural or artificial soil and 
15 cultivated using conventional procedures to produce plants. After plants have been 
propagated from seeds treated in accordance with the present invention, the plants 
may be treated with one or more applications of the hypersensitive response elicitor 
proteii or polyp eptide to impart disease resistance to plants, to enhance plant growth, 
to control insects on the plants, and/or impart stress resistance. 

The hypersensitive response elicitor polypeptide or protein can be 
appHed to plants or plant seeds in accordance with the present invention alone or in a 
mixture with other materials* Alternatively, the hypersensitive response elicitor 
polypeptide or protein can be applied separately to plants with other materials being 
applied at different times. 

A composition suitable for treating plants or plant seeds in accordance 
with the application embodiment of the present invention contains a hypersensitive 
response elicitor polypeptide or protein in a carrier. Suitable carriers include water, 
aqueous solutions, slurries, or dry powders. In this embodiment, the composition 
contains greater than 500 nM hypersensitive response elicitor polypeptide or protein. 

Although not required, this composition may contain additional 
additives including fertilizer, insecticide, fungicide, uematacide, and mixtures thereof 
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Suitable fertilizers include (NBL^Qa* An example of a suitable insecticide is 
MalathioiL Usefbl fungicides include Captan. 

Other suitable additives include buffering agents, wetting agents, 
coating agents, and abrading agents. These materials can be used to facilitate flie 
S process of the present invention. In addition, the hypersensitive response elichor 
polypeptide or protein can be applied to plant seeds with other conventional seed 
formulation and treatment materials, including clays and polysaccharides. 

In flie alternative embodiment ofthe present invention involving the 
use of transgenic plants and transgenic seeds, a hypersensitive response elichor 

10. polypeptide or protein need not be applied topically to the plants or seeds. Instead, 
transgenic plants transformed with a DNA molecule encoding a hypersensitive 
response ehcitor polypeptide or protein are produced according to procedures well 
• known in the ait 

The vector described above can be microinjected directly into plant 

1 5 cells by use ofmicropipettes to transfer mechanically the recombinant DNA. 

Crosswav, Moi Gen. Genetics. 202:179-85 (1985), whiA is hei^y incorporated by 
reference. The genetic material may also be transferred into the plant cell using 
polyethylene glycol. Krens, et aL, Nature. 296:72-74 (1982), which is hereby 
incorporated by reference, 

20* Another approach to transforming plant cells with a gene which 

imparts resistance to pathogens is particle bombardment (also known as biolisttc 
transformation) of the host celL This can be accomplished in one of several ways. 
The first involves propelling inert or biologically active particles at cells. This 
technique is disclosed in U.S. Patent Nos, 4,945,050, 5,036,006, and 5,100,792, all to 

25 Sanford et aL, which are hereby incorporated by reference. Generally, this procedure 
- involves propelling inert or biologically active particles at the cells under conditions 
effective to penetrate the onto- surface ofthe cell and to be incorporated within the 
interior thereof When inert particles are utilized, the vector can be introduced into 
the cell by coating the particles with fee vector containing the heterologous DNA. 

3 0 Alternatively, the target cell can b e surrounded by the vector so that the vector is 
carried into the cell by the wake of the particle. Biologically active particles (e.£, 
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dried bacterial cells containing the vector and heterologous DNA) can also be 
propelled into plant cells, ' 

, Yet another method of introduction is fusion of protoplasts with other 
entities, either mirdcells, cells, lysosomes or other fusible lipid-surfaced bodies. 
5 Fraley, et aL, ProaNafl, Acad. ScL USA. 79:1859-63 (1982), which is hereby 
incorporated by reference. 

The DNA molecule may also be introduced into the plant cells by 

• electroporatiorL Fromm et aL Proc. Natl Acad Sri. USA. 82:5824 (1985V which is 
hereby incorporated by reference. In this technique, plant protoplasts are 

10 electroporated in the presence of pksmids containing the expression cassette. 
Electrical impulses of high field strength reversibly permeabilize biomembranes 
allowing the introduction of the plasmids. Electroporated plant protoplasts reform the 
cell wall, divide, and regenerate. 

Another method of introducing the DNA molecule into plant cells is to 

15 infect a plant cell with Agrobacterium tumefaciens or A rhhogenes previously 
transformed with the gene. Under appropriate conditions known in the art, the 
transformed plant cells are grown to form shoots or roots, and develop further into 
plants. Generally, this procedure involves inoculating the plant tissue with a 
suspension of bacteria and incubating the tissue for 48 to 72 hours on regeneration 

20 medium without antibiotics at 25-28°C 

Agrobacterium is a representative genus of the gram-negative family 

• Rhizobiaceae. Its species are responsible for crown gall (A tumefaciens) and hairy 
root disease (A rhizogenes). The plant cells in crown gall tumors and hairy roots are 
induced to produce amino acid derivatives known as opines, which are catabolized 

25 only by the bacteria. The bacterial genes responsible for expression of opines arc a 
convenient source of control elements for chimeric expression cassettes. In addition, 
assaying for the presence ofopines can be used to identify transformed tissue. 

Heterologous genetic sequences can be introduced into appropriate 
. plant cells, by means of the Ti plasmid of A tumefaciens or the Ri plasmid of A 
30 rhizogenes. The Ti or Ri plasmid is transmitted to plant cells on infection by 
Agrobacterium and is stably integrated into the plant genome. L Schell, Science, 
237:1 176-83 (1987), which is hereby incorporated by reference. 
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After transformation, the transformed plant cells must be regenerated. 

Plant regeneration from cultured protoplasts is described in Evans et 
aL, Handbook of Plant Cell Cultures. Vol 1: (MacMfflan Publishing Co., New York, 
1983); and Vasil LR. (e&), Cell Culture and Somatic Cell Genetics of Plants. Acad. 
5 J^Oriando,VoLI,1984,andVoL 
reference. 

It is known that practi cally all plants can b e regenerated from cultured 
cells or tissues, including but not limited to, all major species of sugarcane, sugar 
beets, cotton, fruit trees, and legumes, 

10 Means for regeneration vary from species to species of plants, but 

generally a susp ension of transformed protoplasts or a petri plate containing 
transformed explants is first provided Callus tissue is formed and shoots maybe 
induced from callus and subsequently rooted. Alternatively, embryo formation can be 
induced in the callus tissue. These embryos germinate as natural embryos to fimn 

IS plants. The culture media will generally contain various amino acids and hormones, 
such as auxin and cytokinins. It is also advantageous to add glutamic acid and proline 
to the medium, especially for such species as corn and alfalfe. Efficient regeneration 
will depend on the medium, on the genotype, and on the history of the culture. If 
• these three variables are controlled, then regeneration is usually reproducible and 

20 repeatable. 

After the expression cassette is stably incorporated in transgenic plants, 
it can be transferred to other plants by sexual crossing. Any of a number of standard 
. breeding techniques can be used, depending upon the species to be crossed. 

Once transgenic plants of this type are produced, the plants themselves 
25 can be cultivated in accordance with conventional procedure with the presence of the 
gene encoding the hypersensitive response elicitor resulting in disease resistance, 
enhanced plant growth, control of insects on the plant, and/or stress resistance. 
Alternatively, transgenic seeds are recovered from the transgenic plants* These seeds 
can then be planted in the soil and cultivated using conventional procedures to 
30 produce transgenic plants. The transgenic plants are propagated from the planted 
transgenic seeds under conditions effective to impart disease resistance to plants, to 
enhance plant growth, to control insects, and/or to impart stress resistance. While not 
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wishing to be bound by theory, such disease resistance, growth enhancement, insect 
control, and/or stress resistance may be SNA mediated or may result from expression 
of Hie elicitor polypeptide or protein. 

When transgenic plants and plant seeds are used in accordance wife the 

5 present invention, they additionally can be treated with file same materials as are used 
to treat the plants and seeds to which a hypersensitive response elicitor polypeptide or 
protein is applied These other materials, including hypersensitive response eHcftora, 
can be applied to die transgenic plants and plant seeds by the above-noted procedures, 
including high or low pressure spraying, injection, coating, and immersion. Similarly, 

10 • after plants have been propagated from the transgenic plant seeds, the plants may be 
treated with one or more ^plications of the hypersensitive response elicitor to impart 
disease resistance, enhance growth, control insects, and/or to impart stress resistance. 
Such plants may also be treated with conventional plant treatment agents (eg., 
insecticides, fertilizers, etc.), 

15 

EXAMPLES 

Example 1 - Bacterial Strains and Plasmids 

20 * Escherichia coK DH5 andBL21 were purchased from Gibco BRL 

(Rockville, MD) and Novagen (Madison, WI) respectively. 

pET28 plasmids were from Novagea (Madison, Wl). 

All restriction en2ymes (e.g, Ndel and HindHI), T4 DNA. ligase, Calf 
intestinal alkaline phosphatase (CIP), and PGR reagents were from Gibco BRL 
25 (Rockville, MD). 

Oligonucleotides were synthesized by Lofstrand Labs Ltd 
(Gaithersburg,MD). 

Chemically synthesized polypeptides were synthesized by Bio- 
Synthesis (Lewisville, TX), 

30 

Example 2 - Construction of Truncated Gene Encoding Harpin 



Fragments of genes encoding haipin proteins were constructed in 
pET28 vector and expressed in £. coli as follows; 
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HrpN fragments were PGR amplified from the pCPP2139 

i 

plasmid (Cornell University, Ithaca, NY) and cloned into 
pET2S vector. 

HxpZ fragments wee PGR amplified from the pSYHl 0 
plasmid (Cornell University, Ithaca, NY) and cloned into 
pET28 vector. 

PqpA fragments were PCR amplified from the pBS : rpopA 
plasmid (Cornell University, Ithaca, NY) and cloned into 
pBT28 vector. 

Hip W fragments were PGR amplified from the pCPP1233 
plasmid (Cornell University, Ithaca, NY) and cloned into 
pET28 vector. 

All truncated fragments were amplified by PCR with full length harpin 
DNA as the template. 

15 Oligonucleotides corresponding to the truncated N-terminal sequence 

were started /modified with aNde I site (which serves as an initiation codoa of 
methionine (ATG)). Oligonucleotides corresponding to a C-terminal sequence 
contained a UAA stop codon followed by a Hind HI site, 

PCR was carried in a 0.5 ml tube with GcaeAmpTM 9600 and 9700 

20 (PE Applied Biosystems, Branchburg, New Jersey). 45 \il of SupetMix 7 * 4 (Gibco 
BRU Rockville, MD) was mixed with 20 pmoles of each pair ofDNA primers, 10 ng 

• of foil length harpin DNA, and diEfeO to fill the final volume to 50 pL After heating 

* 1hemixtiraai95Xfor2min^PCRwasF 

58*C for Imia and 72*Cfbr 1.5 min. Amplified DNAs were purified with QIAquick 
25 PCR purification kit (QIAGEN Inc., Vlencia, CA), digested with Nde I and Hind HI 
at 37*C for 5 hours, extracted once with phenol:chlorofbrmdsoamylalcohol (2524:1), 
and precipitated with ethacoL 5 jig ofpET28(b) vector DNA was digested wife 
15 units of Nde I and 20 units of Hind III at 37*C for 3 hours followed witii calf 
intestinal alkaline phosphatase treatment for 30 min. at 37*C to reduce the background 
30 resulting from incomplete single enzyme digestion. Digested vector DNA was 
purified with the QIAquick PCR purification kit and directly used for ligation, 
ligation was carried at 14°C for 12 hours in a 1 5 pi mixture containing about 50 to 
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100 ng of digested pET28(b), 10 to 30 ng of targeted PCR fragments, and 1 unit of T4 
DNA ligase. 5 pi of ligation solution was added to 100 pi of DHSa/XLl-Blne 
competent cells, placed in 15 ml Falcon tube, and incubated on ice for 30 min. After 
heat shock at 42*C for 45 seconds, 0*9 ml SOC solution (20 g bacto-tryptone, 5 g 
5 bacto-yeast extracts, 05 g NaCl, 20 mM glucose in one liter) was added into the tube 
and incubated at 37*C for 1 hour. 20 fil of transformed cells were plated onto LB agar 
plate with 30 pg/ml of kanamycin and incubated at 37*C for 14 hours. Single 
colonies were transferred to 3 ml LB-media and incubated overnight at 37*C, Plasnrid 
DNA was prepared in a 2 ml culture with QlAprap Mbqircpkhaccoitlmgtoflie 
10 manufacture's instruction. The DNA sequence of truncated haipin constructions was 
verified with restriction enzyme analysis and sequencing analysis. Plasmids with the 
desired DNA sequence were transferred into the BL2 1 strain with a standard chemical 
transformation method as indicated above. 

15 Example 3 - Expression of Proteins 

A single clone of £ coK with a constructed gene was grown overnight 
at 37*C in LB withkanamycin. A proper amount of overnight culture was transferred 
to 50 to 5O0 ml LB and incubated at 37*C until OD600 reached 0.5 to 0.8, ITPGwas 

20 added to the culture which was further incubated at room temperature for a period of 
5 hour to overnight Alternatively, a proper amount of overnight culture was 
transferred to 50 to 500 ml of 54 TB wife lactose medium (6 g bacto-trypton, 12 g 
bacto-yeast extract, 75 g lactose in one liter). After incubation at 37*C until the 
OD600 reached 0,5 to 0.8, the culture was incubated at room temperature for a period 

25 of5 hours to overnight 

All bacterial cells were harvested by centri&gation and resuspended in 
1:5 TB buffer (10 mM Tris, pH8.5andlmM EDTA). The cells were disrupted by 
sonication and clarified by centrifiigation. Supematants were then infiltrated into 
tobacco leaves for ER testing. 

30 Heat treatment (Le. boiling for 1 to 10 minu) was used to achieve 

further purification. 

All truncated fragments of genes encoding haipin protein were 
expressed in Z colil BL-21 , DE3 strain with an N-terminal Hs-tag and 20 to 21 
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amino acid residues generated from the expression vector sequence. TheBSs-tag 
sequence did not affect fee HR activity of the proteins. In some cases, Nl-Agarose 
beads were added into supernatant solution and mixed at 4*C to room temperature for 
a period of 30 min. to overnight Hie proteins bound to the Ni-Agarose beads wot 

S washed by 0.1 M imidazole buffer, and proteins were elated with 0.6 to 1.0 M 
imidazole. After dialysis against 10 mMTris,pH 8^ buff^, the proteins were 
infiltrated into tobacco leaves for HR testing. 

For proteins expressed in E. coli that were difficult to dissolve in 
water, total cells were resuspended and sonicated in 8 M urea buffer (0 . 1M Na- 

10 phosphate, 10 mM Tris buffer, pH8.0). The total cell lysaie was centrifuged, and 
supernatants were collected. Ni-agarose was added into the supernatants and mixed 
. gently at room temperature for 30 mm. The Ni-agarose resin was washed with buffer 
(8 M urea, 0.1 M Na-phosphate, 10 mM Tris buffer, pH63). The proteins were eluted 
with elntion buffo (8 M urea, 0*1 M EDTA, 0.1 MNa-phosphate, 10 mM Tris buffer, 

15 pH 6.3) and dialyzed against buffer (pH 8.5, 10 mM Tris) with stepwise decreased 
urea. If the proteins still were insoluble in buffer, the solution pH was adjusted to 9 to 
11 and sonicated at room temperature for 1 to 5 mm. 

Chemically synthesized polyp eptides were dissolved in 1 0 mM Tris, 
pH 6,5 to 11 buffers depending on their solubility. 

20 A hypersensitive response ("HR") assay was performed by infiltration 

of 0.1 to 03 ml of serial diluted protein solutions into tobacco leaves (cv. Xanth). All 
HR data shown in these examples were recorded from 48 hours after infiltration. 

Example 4 - Quantification of Proteins 

25 

All expressed proteins were checked with pre-cast 4-20% SD S 
polyacrylamide gel electrophoresis (SDS-PAGE) from Novex (San Diego, CA). 
After electrophoresis, the gel was stained with Coomasssie R-250 solution (0.1% 
Coomassie R-250, 10% Acetate Acid, 40% efhanol) far 1 to 4 hours and distained 
30 with distaining solution (8% acetate acid and 25% ethanol) overnight The density of 
corresponding bands were compared to standard proteins, which were either 
purchased from Novex or were from quantitative standard harpin protein produced by 
Eden Bioscience (Bothell, Washington). 
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Examples - Oasslficatlon of Harpfn Prolans 

Since haipin proteins share common biochemical and biophysical 
5 characteristics as well as biological functions, based on their unique properties, HR 
elicitors from various pathogenic bacteria should be viewed as belonging to a new 
protein family— i.e. the harpin protein family. Hie haipin protein can be classified 
into at least four subfamilies based on their primary structure and isolated sources. As 
set forth in Table 1, those subfamilies are identified by the designation N, W, Z, A, 
10 etc. 

Table 1 * Subfamilies of Harpin Proteins 



Hatpin 
proteins 


Isolated Source 


Classified 
Subfamily 


I* 


Amino 
acids • 


Heat 
stable 


Cote 
structure 


HipN & 


E. amylovora 


N 


4,42 


403 


Yes 


No 


HrpNp* 


E. chysanthemi 


N 


651 


340 


Yes 


No 




& carotovora 


N 


5,82 . 


356 


Yes 


No 


HrpNs* 


E.stewartU 


N 


WA 


WA 


Yes 


No 
















HrpWp« 


P, syringae 


W 


4.43 


424 


Yes 


No 


HrpW* 


& amylovora 


W 


4.46 


447 


Yes 


No 
















HrpZ^ 


P. syringae 


2 


3.95 


341 


Yes 


No 
















PopAl 


Hsohmacearum 


A 


4.16 


344 


Yes 


No 



15 

Example 6 * Analysis of the Structural Units of an HR Domain 

Hie sequence of amino acids that alone could elicit a hypersensitive 
response in plants (i.e. HR do ma ins) has been investigated in different ways. It was 

20 reported that a caiboxyi-terminal 148 amino acid portion ofHrpZp* is sufficient and 
necessary for HR (He et aL, "Pseudomonas Syringae pv. Syringae Harping A 
Protein that is Secreted via the Hip Pathway and Elicits the Hypersensitive Response 
in Plants," Cell 73:1255-1266.(1993), which is hereby incorporated by reference). 
With truncated HrpZ fragments, it was determined that an N-tetminal 109 amino 

25 acids and C-tenninal 216 amino acids ofHrpZi*, respectively, were found to elicit 
HR (Alfano et aL, "Analysis of the Role of the Pseudomonas Syringae pv. Syringae 
HrpZ Haipin in Elicitation of the Hypersensitive Response in Tobacco Using 
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Functionally Non-polar hipZ Deletion Mutations, Truncated HrpZ Fragments, and 
hnnA Mutations." Molecular Microbiolog y 19:715-728 (1996), which is hereby 
incorporated by reference). Jin et aL, "A Truncated fragment of Harpin^ Induces 
Systemic Resistance to Xanthomonas campestris pv. Oryzae in Rice," Physiological 
5 and Molecular Plant Pathology 51:243-257 (1997), which is hereby incorporated by 
reference, reported that a truncated HrpZ^ with anN-tenninal of 137 amino acids 
elicited a hypersensitive response in tobacco and induced systemic acquired resistance 
( L& SAR) in rice. After digestion with protease, a hypersensitive response active 
fragment of E&rpNjEi was isolated and found to span amino acids 137 to 204 of 

10 HrpNu.. It was found that a 98 residue ofN4erminalHrpNEt fragment was flic 
smallest bacterially produced peptide that displayed HR-eliciting activity (Laby, 
"Molecular Studies on Interactions Between Erwinia Amylovora and its Host and 
Non-host Plants," Doctoral Thesis in Cornell University ( 1 997), which is hereby 
incorporated by reference). 

15 A series ofHrpNa, fragments have been generated with His-tag fusion 

attheN-tenninaloflhepolypqrtides and a polypeptide (BpNEal37180), located at 
position of 137 to 180 amino acid residue ofHrpNEn.was identified to elicit HR 
activity in tobacco. 

20 Example 7 - Analysis of Secondary Structure of HR Domains 

The DNA and primary protein sequence of the HrpNE»137180 show no 
any homologues among other hypersensitive response elicitors. 

Analyses of the secondary structure of the fragment of HrpNE»137180 

25 revealed, with the aid of the computer program Clone Manger5 (Scientific & 
Educational Software, Durham, NC), that there was a beta-form, abeta-tum, and 
unordered forms. One typical a-helical segment of residues at 157-170 was found in 
the H5>1^137180 polypeptide. To determine the function of this structure, 
polypeptides with a disrupted a-helical structure were generated and hypersensitive 

30 response results were evaluated. As shown in Table 2, a complete alpha-helix unit (H 
unit), probably with a length greater than 12 amino add residues, is need for 
hypersensitive response activity. 
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Table 2 - Effect of Alpha-helix Structure 



Fragment came 


Amino acid 


HR* 


Structure 


Source 


HipNE»137180 


137-180(44) 
pl-110 


<5pgW 


Complete H 


Bxoli expressed 
peptide 


HipNE.137166 


137-166(30) 
pi -3.29 




disrupted H 


Synthesized peptide 


HrpNB.76168 


76-168 




disrupted H 


Exoli expressed 
peptide 



5 The a-helical unit plays an important role in hypersensitive response 

activity; however, it was found that an a-hefix unit alone did not achieve HR 
(Table 3). 

Therefore, hypersensitive response eliciting domains contain more than 
one structure unit Besides the core a-helical unit, there is an acidic unit that has no 
10 typical secondary structure feature but is rich in acidic amino acids. This relaxed 
structure, having a sheet and random turn, is designated as an acidic unit (A unit). 

Although the acidic unit is inrportant in achieving a hypersensitive 
: response, it alone, like the a-helical unit alone, did not elicit a hypersensitive 
response. 

15 A synthetic polypeptide, HrpNEal40176, that included both A and H 

structure, spanning amino adds 140 to 176 of HrpNE* gave full activity of HR. 
Sequence analysis by major search engines revealed no global primary sequence 
similarity in the databases to HrpNBal40176, even among the haxpin protein families. 

20 Table 3 - Effect of Acidic Unit on Hypersensitive Response (HR) Activity 



Fragment name 


Annuo acid 


HR* 


Structure 
(AorH)** 


Source 


HrpNE.140176 


140-176(37) 
pM.17 


<5|ig/ral 


A+H 


Synthesized 
peptide 


HrpNfi.157170 


157-170(14) 
pi -654 




H 


Synthesized * 
peptide 


HrpN a 137156 


137-156(20) 
pi « 2.67 




A 


Synthesized 
peptide 



I 
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Example 8 - Hypersensitive Response Domain Structure of HrpNs* 

Four a-heEcal regions with at least 12 amino acid residues were found 
in HrpNfia based on computer analysis with the program Clone Manager 5 (Scientific 
5 & Educational Software, Du&am, NQ, which predicts the secondary structure of 
protein from the primary sequence by the method of Gamier-Osgufhorpe-RobscnL 

It is believed that a hypersensitive response domain includes two 
structural units, the a-helix (H) and the acidic unit (A). Another hypersensitive 
response domain, spanning amino acids 43 to 70 in HrpNEa, was found. A minimal 

10 sequence of 12 to 14 AA residues ofboth the Hand A units is believed to be needed. 
The chemically synthesized polypeptide of HrpNB^370 gave full HR activity in 
tobacco. Thus, a second HR domain has been discovered based on purely secondary 
structure analysis and prediction. 

To further test lie hypothesis that the A and H units are needed to 

1 5 achieve a hypersensitive response, an approach of unit exchange (i.e. swapping an 
acidic unit from one HR domain to another HR domain) was designed A polypeptide 
ofHrpNEaDswap, which consisted of the acidic unit of a hypersensitive response 
domain (HrpNE»140176), spanning amino adds 136 to 156 ofHrpNEt, and the 
a~heHcal unit of another hypersensitive response domain (HrpN£g4370), spanning 

20 amino acids 57 to 70 ofHrpNE* was chemically synthesized. This polypeptide 
swapped two structural units of A and H between two hypersensitive response 
domains of HrpNE*4370 and HrpNBtl40176. The HrpN&Pswq? gave a 
hypersensitive response activity in tobacco (Table 4). This result shows that the 
structural characteristic of an HR domain determines its activity, and structural 

25 analysis can be used to determine hypersensitive response activity. 



Table 4 - Two Structural Units Determine Hypersensitive Response Activity 



Fragment name 


Arxzioo acid 


HR 


Structure Type 


Source 


Erp*Wi370 


43-70(28) 
pi- 3.09 


+ 

<5 ug/ml 


A+H 


Synthesized 
peptide 
Partial soluble 


HrpN&Dswap 


HrpM36156(A)+ 
HrpN5770(H) 


<20 ug/ml 


A unit from 

HXPNE.140176+ 

HiznitfiemHxpNjtt4370 


Synthesized 
peptide 
Partial soluble 
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Example9 - Prediction of Hypersensitive Response Domains Among Proteins 
in Harpin Famfly 

5 

The secondary structure which indicates the presence of a 
hypersensitive response domain in HrpNEa was used to identify other harpin proteins, 
including proteins classified as different subfamilies. Structural prediction of a 
hypersensitive respons e domain among harpin proteins was carded according to 
10 following criteria: 

1. There are two structural units in a hypersensitive response 
domain, including: 

a. A stable a-helix unit with 12 or more amino acids in 



15 b. An hydrophilic, acidic unit with 12 or more amino acids 

in length which could be a beta-form, a beta-turn, and 
unordered forms* 

2. The pl of a hypersensitive response domain should be acidic 
and, in general, below 5. 
20 3. The minimal size of an HR domain is from about 28 to 40 AA 

residues. 

Putative HR domains have been identified to fit the criteria by 
computer analysis among haipin protein family (Table 5). 
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Table 5 - Predication of Hypersensitive Response Domains Among Harpin 

Proteins 1 





ioOialCQ &OUTCC 


Predicted region* 


PI 


Structure 




S nTnvl/Tvom 


43-70 


300 


A+H 

iX f Jul 


HrpNBr2 ' 


E. amylovoru 


140-176 


3.17 


A+H 


HrpNEdrl 


K chrysanihemi 


78-118 


5.25 


A+H 


HipKea-2 


E. chrysanthmi 


256-295 


4.62 


A+H 


HrpNearl 


Kcarotovon 


25-63 


4.06 


A+H 


HipN^-2 


E. carotovora 


101-140 


3.00 


A+H 












HrpW^l 


P.symgae 


52^96 


432 


A+H 


HtpWe.4 


& wnyhvoru 


10-59 


4.53 


A+H 












HrpZpn-1 


P, syiingtie 


97-132 


3.68 


A+H 


HrpZ^u-2 


P. syringae 


153-189 


3.67 


A+H 




P.syringae 


271-308 


3.95 


A+H 












PopAIrj-1 


Hsohnaceanm 


92-125 


3.75 


A+H 




Hsolanacearum 


206-260 


3.62 


A+H 



5 *Ammo acid residue position 



Example 10 - Hypersensitive Response Activity of Select Synthesized 
Polypeptides 

10 

Polypeptides were produced by expression in either £. coli at by 
chemical synthesis. Based on prediction of solubility and stability of a particular 
peptide, in some cases, a broader region of AA residues in addition to die essential 
units were also synthesized to increase solubility of the peptides. The identification of 
15 HR domains among four subfamilies of haxpin protein demonstrated tins (Table 6). 
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Table 6 - Hypersensitive Response Activity of Select Synthesized Polypeptides 



HR domain 


Isolated Source 


Synthesized 
region 


Pi 


Source 


HR activity 




E. Gmylovoro. 


4M0 


3.09 


Chemical 
Synthesized 




HrpNBr2 


& amylavora 


140-176 


3.17 


Chemical 
Synthesized 
















HipW&-2 


E. omylovorc 


10-59 


4.53 


ExoH expressed 


+ <5ng/ml 














HtpZ^-1 


P.syringae 


97-132 


3.68 


Chemical 
Synthesized 


+ <20pgM 




PtSyringae 


153-189 


3.69 


ExoK expressed 


+ <5nfi/ml 














PopAiirl 


R. solamcearum 


92-125 


3.75 


Chemical 
Synthesized 


+<5>igM 


PopAlRj-2 


R solanacearum 


206-260 


3.62 


RccH expressed 


+ <5pBtel 



5 Example 11 - Construction of Hypersensitive Response Domains in a Protein 
Expression Cassette 

Polyp eptides with a harpin protein hypersensitive response domain 
were expressed in & colu PCR was used to amplify desired areas of genes encoding 

10 haipin proteins and cloned into an expression vector, e.g. pET28a A pair of PCR 
primers with unique flanking sequences were designed to create a universal 
expression cassette, as shown in Figure 1, for expression of a fragment of haipin 
protein. Each amplified DNA fragment has a protein translation start codon of ATG 
in a restriction enzyme Nde I site which might add an extra amino acid of methionine 

IS into a polypeptide. Each amplified DNA fragment has a protein translation stop 
codon ofTAA Each amplified fragment contained two restriction enzyme sites of 
EcoR V and Sma I, which gave 4 extra in-frame amino acids expressed as Pro-Gly at 
the N-tenninal and Asp-He at the Otenninal, respectively. Those two sites are 
essential to allow two or more expression cassettes to be linked in a specific order and 

20 in frame with a minimum number of amino acids being introduced. Cassette A was 
first digested by EcoR V, ligated to cassette B, and digested with Sma I to produce a 
new expression cassette C which coupled the two fragments together with two extra 
amino acids (Le. Asp-Gly), which are common amino acids in hypersensitive 
response domains. The newly formed cassette C still contained the same 5* and 3 1 

25 flanking sequences as original cassettes A and B and maintained the ability to be 
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coupled by another cassette, Bgl Hand Bam ffl sites in the cassette permit the 
cassette to be linked in frame into a cancatomer with a correct orientation. The 
strategy is that digestion ofDNA with Bgl H and Bam HI results in compatible aids 
that would be ligated with each other but could not be cut by either enzymes after 
5 ligation. For example, a DNA fragment encoding a hypersensitive response rimnmn 
in a cassette could be digested by restrictions enzymes of Bgl H and Bam HI 
separately, digested DNA fragments could be ligated in a ligation solution also 
including both Bgl IT and Bam HI enzymes, any ligated ends with Bgl II or B am HI 
sites could be digested by the enzymes, and only those ligated sites between Bgl II 
10 and Bam HI could remain. 

Example 12 - Building Blocks for Creating Superharpins that have Higher 
Biological Efficacy 

15 Hypersensitive response, domains were identified and isolated from 

several harpin proteins. With the combination of those HR domains, new 
polypeptides (Le. supeihaipins) that have higher HR potency and have enhanced 
ability to induce disease resistance, impart insect resistance, enhance growth, and 
achieve environmental stress tolerance. Superhaipins could be one HR domain repeat 

20* units (cancatomer), different combinations of HR domains, and/or biologically active 
domains from other elicitors. Part of the domains from different harpin proteins and 
other elicitors were constructed into the universal expression cassette as shown on 
Example 11 and designated as superharpin building blocks. Table 7 lists some 
superharpin building blocks which were expressed in pET-28a(+) vector with a 

25 BBs-tag sequence at their N-tenmnaL 
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Table 7 - Superharpia Buflding Blocks including pET-28a(+) his4ag Leader 

Sequence 



Oomoia 
Sequence 


Source 


MW(kDa) 


tkJL 


I* 


Soluble 


(Structurally) 
Heat Stable 


A 


rOTlA/lM*K> 


iv.oy 


llrt 


£. AO. 


ICS 


ICS 


/vr \ 


i3IpNJia4iMSU 


0./04 


05 


O./o 


V/A 






JJxmei or JLtrpNca<KH>U 


1ft 9 A 
10.J54 


lit 
111 


0.14 


XT/ A 

IvA 


N/A 




Triplemcr of HrpNEa40-S0 


1453 


154 


5.63 


N/A 


N/A 


/M V 


a cucluucx oi nrpi^t nxrt vwju 


10 01 


107 




N/A 


rt/A 


QU 


HrpNEal40-180 


7524 


68 


5.01 


Yes 


Yes 




Dimer of HrpNEal4(M80 


11.78 


111 


358 


Yes 


Yes 




Triplemer ofHrpN£a!40- 
180 


1634 


154 


3.72 


Yes 


Yes 


(Nek 


Tctramer ofHrpNBal40- 
180 


20,89 


197 


3.58 


Yes 


Yes 


(Ncha 


Cancatomcr (10 repeating 
units of HrpNEal40480 


4803 


455 


3.28 


N/A 


N/A 


(Nchd 


Cancatorner (16 repeating 
units of HrpNEal40-180 


75.57 


713 


3.18 


N/A 


N/A 


W 


HrpWBal0-59 


7586 


77 


6.48 


N/A 


WA 




HrpZ9(M50 


8.087 


78 


538 


Yes 


Yes 




HrpZ266-308 


7.029 


70 


640 


Yes 


• Yes 


Ms-tag leader 
acq. 




2.045 


19 


11-04 







5 

Example 13 - Superharpins with Stacked HR Domains and their Biological 
Activities 



There are numerous polypeptides could be generated wifh different 
1 0 combinations of HR domains or by stacking HR domains and repeating units in order* 
Selective combination or stacking of HR domains isolated from harpin proteins or 
: other eficitas can be designed to achieve a targeted disease resistance spectrum. See 
Table 8 for superharpins prepared by stacking of HR building blocks listed on 
Table 7. All three listed superharpins (Le. SH-1, SH-2, SH-3) were constructed into a 
15 pET28(a) vector and expressed in & coll Recombinant proteins were partially 
purified and quantified by SDS-PAGE with purified Harpin N protein as a 
quantitative standard. 
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Table 8 - Properties of Saperharpins 



Protein 


Domain Sequence 


MW(kDa) 




Pi 


Soluble 


Heat Stable 


SH-1 




54555 


545 


3.69 


Y« 


Yes 


SB-2 




52341 


519 


3.54 


Yes 


Yes 


SH-3 




60375 


598 


3.67 


Yes 


Yes 


HrpNEa 


HrpN from Kamylovcra 


39.697 


403 


4.42 


Yea 


Yes 



5 Bioassays for hypersensitive response on tobacco leaves (HR), 

percentage ofTMV reduction on tobacco leaves, and plant growth enhancement with 
tomato showed that superharpins had higher (up to 2 to 10 fold greater) HR potency 
compared with HipN from £. amybvora. This also demonstrated that supeihaipins 
have better performance on % TMV redaction and plant growth enhancement assay. 
10 SeeTable9. 



Table 9 - Biological Activities of Superharpins 



Protein 


Domam Sequence 


Elicit HR 


% TMV reduction on tobacco 


% Plant Growth Enhancement 






(ngfal) 


lOpgfal 


1 pgtai 


lOugftnl 


1 Jig/ml 


SEA 




066 


S3 


79 


7.49 


9.83 


SH-2 




0.13 


*4 


60 


11.05 


730 


SH-3 




0.15 


77 


55 


11.07 


10.00 


HrpNEa 


HrpN from E-amytovora 


1-3 


55 


10 


11.68 


N/A 



15 

Although the invention has been described in detail for the purpose of 
illustration, it is understood that such detail is solely for that purpose, and variations 
can be made therein by those skilled in the art without departing from the spirit and 
scope of the invention which is defined by the following claims. 
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WHAT IS CLAIMED: 

1. An isolated hypersensitive response elidtor protein comprising 
an isolated pair or more of spaced apart domains, each comprising an acidic portion 

5 linked to an alpha-helix andcapableof eEdtingahypereendtfrerespt^ 

2, A protein according to cla^ 

recombinant 

10 3. An isolated nucleic add molecule encoding a protein according 

to claim 1. 

4. A nucleic add molecule according to claim 3, wherein each 
domain is from a different source organism, 

15 

5 . A nucldc add molecule according to claim 3 1 wherein there are 
3 or more spaced apart domains* 

6- An expression vector containing a nucldc arid molecule 
20 according to claim 3 which is heterologous to the expression vector. 

7. An expression vector according to claim 6, wherein the nucldc 
acid molecule is po sitioned in the expression vector in sense orientation and correct 
reading frame. 

25 

8, A host cell transformed with the nucldc add molecule 
according to claim 3. 



9. A host cell transformed according to claim 8 , wherein the host 
30 cell is selected from the group consisting of a plant cell, a eukaryotic cell, and a 
procaryotic celL 
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10. A host cell according to claim 8, wherein the nucleic add 
molecule is transformed with an expression system. 1 



11 . A transgenic plant transformed with the nucleic add molecule 

5 ofclaim3. 

12. A transgenic plant according to claim 11, wherein the plant is 
selected from the group consisting of alfalfa, rice, wheat, barley, rye, cotton, 
sunflower, peanut, com, potato, sweet potato, bean pea, chicory, lettuce, endive, 

10 cabbage, brussel sprout, beet, parsnip, cauliflower, broccoli, turnip, radish, spinach* 
onion, garlic, eggplant, pepper, celery, carrot, squash, pumpkin, zucchini, cucumber, 
apple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco, 
tomato; sorghum, and sugarcane. 

15 13. A transgenic plant according to claim 11, wherein the plant is 

selected from the group consisting of Arabidopsis thaliana* Saintpaulia, petunia, 
pelargonium, poinsettia, chrysanthemum, carnation, and 

14. A transgenic plant according to claim 1 1 , wherein the plant is a 

20 monocot 

15. A transgenic plant according to claim 11, wherein the plant is a 

dicot 

25 16. A transgenic plant according to claim 1 1, wherein each domain 

is from a different source organism, 

17. A transgenic plant according to claim 11, wherein there axe 3 or 
more spaced apart domains. 

30 

18. A transgenic plant seed transformed with the nucleic add 
molecule of claim 3. 
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19, A transgenic plant seed according to claim 18, wherein the 
plant is selected from the group consisting ofaifiOfi, rice, wheat, barley, iye, cotton, 
sunflower, peanut, com, potato, sweet potato, bean pea, chicory, lettuce, endive, * 
5 cabbage, brussel sprout, bed, parsnfc, cauliflower, broccoli, turnip, radish, spinach, 
onion, garlic, eggplant, pepper, celery, cam*, squash, pumpkin, zucchini, cucumber, 
qjple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco, 
tomato, sorghum, and sugarcane; 

10 ' m A transgenic plant seed according to claim 18, wherein the 

plant is selected from the group consisting of Arabidopsis ihaliana, Saintpaulia, 
petunia, pelargonium, poinsettia, chrysanthemum, carnation, and zinnia. 

21. A transgenic plant seed according to claim 1 8, wherein the 
15 plantis amonocot 

22. A transgenic plant seed according to claim 18, wherein the 
plant isadicoi 

20 23. A method of imparting disease resistance to plants comprising: 

applying a protein according to claim 1 to a plant or a plant seed under 
conditions effective to impart disease resistance to the plant or to a plant grown from 
the plant seed. 

15 24 - A method according to claim 23 , wherein the protein is applied 

to a plant 

25. A method according to claim 23, wherein the protein is applied 
to a plant seed and further comprising: 

0 planting the plant seed under conditions effective to impart disease 

resistance to a plant grown from the plant seeds. 
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,26. A me&od of enhancing plant growth comprising: 

applying aprotein according to claim 1 to a plant or a plant seed under 

conditions effective to enhance growth of the plants or of a plant grown from the plant 

seed. 

5 

27. A method according to claim 26, wherein the protein is applied 

to a plant 



28. A method according to claim 26, wherein the protein is applied 
10 toaplantseedamirartocorqjrising: 

planting the plant seeds under conditions effective to enhance growth 
of a plant grown fiom the plant seed. 



29. Amefhod of controlling insects amiprising: 
15 allying aprotemac<»rd^ 

conditions effective to control insects. 



30. A method according to claim 29, wherein fee protein is applied 

to a plant 



20 



•31. A method according to claim 29, wherein the protein is applied 
to a plant seed and further cornprising: 

planting me plant seed under conditions effective to grow a plant from 
the plant seed and to control insects. 



25 



32. A method of imparting stress resistance to plants c<>rrri>risiiig: 

applying a protein according to claim 1 to a plant or a plant seed under 

conditions effective to impart sbess resistance to fee plart or to a plant grown fiom 
the plant seed. 

30 

33. Amefeodaccordingtoclam32,wh^ 

to a plant 
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34. A method according to claim 32, wherein the protein, is applied 
to a plant seed and further comprising: 

planting the plant seed under conditions effective to impart stress 
5 resistance to a plant grown from die plant seed 

35. A method ofimpartmg disease resistance to plants comprising: 
providing a transgenic plant or transgenic plant seed containing die 

nucleic acid according to claim 3 and 
10 planting the transgenic plant or transgenic plant seed under conditions 

effective to impart disease resistance to die plant or to a plant grown fiom the plant 
seed. 

36. A method according to claim 35, wherein a transgenic plant is 

15 provided. 

37. A method according to claim 35, wherein a transgenic plant 
• seed is provided. 

20 38. .A method of enhancing growth of plants comprising: 

providing a transgenic plant or transgenic plant seed containing the 
nucleic acid according to claim 3 and 

planting the transgenic plant or transgenic plant seed under conditions 
effective to enhance growth of the plant or of a plant grown fiom the plant seed. 

25 

39. A method according to claim 38, wherein a transgenic plant is 

provided. 



40. A method according to claim 3 8, wherein a transgenic plant 
30 seed is provided 



41. A method of controlling insects comprising: 
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, providing a transgenic plant or transgenic plant seed containing the 
nucleic acid according to claim 3 and 

planting the transgenic plant or transgenic plant seed under conditions 
effective to control insects on the plant or on a plant grown fiom the plant seed 

5 

42. A method according to claim 41, wherein a transgenic plant is 

provided 

43. A method according to claim 4 1 , wherein a transgenic plant 
10- seed is provided 

44. A method of imparting stress resistance to plants comprising: 
providing a transgenic plant or transgenic plant seed containing die 

nucleic acid according to claim 3 and 
15 planting the transgenic plant or transgenic plant seed under conditions 

effective to impart stress resistance to the plant or to a plant grown from the plant 
seed 

45. A method according to claim 44, wherein a transgenic plant is 

20 provided 

46. A method according to claim 44, wherein a transgenic plant 
seed is provided 

25 47, An isolated hypersensitive response elicitor protein comprising, 

in isolation, a domain comprising an acid portion linked to an alpha-helix and capable 
of eliciting a hypersensitive response in plants. 



48 . A protein according to claim 47, wherein the protein is 

30 recombinant 
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49. An isolated nucleic acid molecule encoding a protein accoiding 

to claim 47. 

50. An isolated nucleic acid molecule according to claim 49, 
5 wherein there are at least 2 domains, each from a different source organism, 

51. An isolated nucleic acid molecule according to claim 49, 
wherein there are 3 or more coupled domains, 

10 52, An expression vector containing a nucleic acid molecule 

according to claim 49 which is heterologous to the expression vector. 

53. An expression vector according to claim 52, wherein the 
nucleic acid molecule is positioned in the expression vector in sense orientation and 

15 correct reading frame 

54. A host cell transformed with the nucleic acid molecule 
according to claim 49. 

20 55. A host cell transformed according to claim 54, wherein the host 

cell is selected from the group consisting of a plant cell, a eukaryotic cell, and a 
prokaryoticcdL 

56. A host cell according to claim 54, wherein the nucleic acid 
25 molecule is transformed with an expression system. 

57. A transgenic plant transformed wife the nucleic acid molecule 

ofclaim49. 

30 58. A transgenic plant according to claim 57, wherein the plant is 

selected from the group consisting of alfalfa, rice, wheat, barley, rye, cotton, 
sunflower, peanut, com, potato, sweet potato, bean pea, chicory, lettuce, endive, 
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caibbage, binssel sprout, beet, parsnip, cauliflower, broccoli, turnip, radish, spinach, 
onion, garlic, eggplant, pepper, celery, canot, squash, pumpkin, zucchini, cucurabei, 
apple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco, 
tomato, sorghum, and sugarcane. 

5 

59. A transgenic plant according to claim 57, wherein the plant is 
selected from the group consisting of Arabidopsis thalkma, SaintpauHa, petunia, 
pelargonium, poinsettia, chrysanthemum, carnation, and 



10 

monocot 



dicot 

15 



60, A transgenic plant according to claim 57, wherein fee plant is a 



61 . A transgenic plant according to claim 57, wherein the plant is a 



62, A transgenic plant according to claim 57, wherein there are at 
least 2 coupled domains, each from a different source organism, 

63, A transgenic plant according to claim 57, wherein there are 3 or 
20 more coupled domains, 

64, A transgenic plant seed transformed with fee nucleic add 
molecule of claim 49* 

25 65. A transgenic plant seed according to claim 64, wherein fee 

plant is selected from the group consisting of alfalfa, rice, wheat, bailey, iye, cotton, 
sunflower, peanut, coin, potato, sweet potato, bean pea, chicory, lettuce, endive, 
cabbage, brussel sprout, beet, parsnip, cauliflower, broccoli, turnip, radish, spinach, 
onion, garlic, eggplant, pepper, celery, canot, squash, pumpkin, zucchini, cucumber, 

30 apple, pear, melon, citrus, strawberry, grape, raspberry, pineapple, soybean, tobacco, 
tomato, sorghum, and sugarcane. 
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66* A transgenic plant seed according to claim 64, wherein the 
plant is selected from the group consisting of Arabidopsis thaliana, Saintpaulia, 
petunia, pelargonium, poinsettia, chrysanthemum, carnation, and yrnnin , 

5 67. A transgenic plant seed according to clflim 64, wherein the 

plantisamonocot 

68. A transgenic plant seed according to claim 64, wherein the * 
plantisadicot 

10- 

69. A method of imparting disease resistance to plants comprising: 
applying a protein according to claim 47 to a plant or a plant seed 

under conditions effective to imp art disease resistance to the plant or to a plant grown 
from the plant seed. 

15 

70. A method according to claim 69, wherein the protein is applied 

to a plant 

71. A method according to claim 69, wherein the protein is applied 
20 to a plant seed and further comprising: 



resistance to a plant grown from the plant seed 

72. A method of enhancing plant growth comprising: 
25 applying a protein according to claim 47 to a plant or a plant seed 

under conditions effective to enhance growth of the plant or of a plant grown from the 
plant seed 



73. Amethod according to claim 72, wherein the protein is applied 



30* to a plant 
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.74. A method according to claim 72, wherein the protein is applied 
to a plant seed and further comprising: 1 

planting the plant seed under conditions effective to enhance growth of 
a plant grown from the plant seed, 

5 

75* A method of controlling insects comprising: 
applying a protein according to claim 47 to a plant or a plant seed 
under conditions effective to control insects. 

10 76 A method according to claim 75, wherein the protein is applied 

to a plant 

77. A method according to claim 75, wherein the protein is applied 
to a plant seed and further comprising: 

1 5 planting the plant seed under conditions effective to grow a plant from 

the plant seed and to control insects. * 

78. A method of imparting stress resistance to plants comprising: 
applying a protein according to claim 47 to a plant or a plant seed 

20 under conditions effective to impart stress resistance to the plant or to a plant grown 
from the plant seed 

79. A method according to claim 78, wherein the protein is applied 

to a plant 

25 

80. A method according to claim 78, wherein the protein is applied 

toai 



planting the plant seed undo- conditions effective to imparl stress 
resistance to a plant grown from the plant seed 

30 

8L A method of imparting disease resistance to plants comprising; 
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providing a transgenic plant or transgenic plant seed containing the 
nucleic acid according to claim 49 and 

planting the transgenic plant or transgenic plant seed under conditions 
effective to impart disease resistance to the plant or to a plant grown from the plant 
5 seed. 

82* A method according to claim 81, -wherein a transgenic plant is 

provided, 

10- 83. A method according to claim 81, wherein a transgenic plant 

seed is provided. 

84. A method of enhancing growth of plants comprising; 
providing a transgenic plant or transgenic plant seed containing the 

IS nucleic acid according to claim 49 and 

planting the transgenic plant or transgenic plant seed under conditions 
effective to enhance growth of the plant or of a plant grown from the plant seed. 

85. A method according to claim 84, wherein a transgenic plant is 

20 provided. 

86* A method according to claim 84, wherein a transgenic plant 
seed is provided 

25 87. A method of controlling insects comprising: 

providing a transgenic plant or transgenic plant seed containing the 

nucleic acid according to claim 49 and 

planting the transgenic plant or transgenic plant seed under conditions 

effective to control insects on the plant oronap lant grown from the plant seed 

30 

88, A method according to claim 87, wherein a transgenic plant is 

provided 
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89. A method according to claim 87, wherein a transgenic plant 
seed is provided. 

5 90. A method of imparting stress resistance to plants comprising: 

providing a transgenic plant or transgenic plant seed containing &e 
nucleic acid according to claim 49 and 

planting the transgenic plant or transgenic plant seed under conditions 
effective to impart stress resistance to the plant or to a plant grown from the plant 
10 seed. 

91. A method according to claim 90, wherein a transgenic plant is 

provided. 

15 92- A method according to claim 90, wherein a transgenic plant 

seed is provided. 
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SEQUENCE LISTING 
<110> Eden Bioscience Corporation 

<120> HYPERSENSITIVE RESPONSE ELICITING DOMAINS AND OSE 
THEREOF 

<130> 21829/82 

<140> 
<141> 

<150> 60/212,211 
<151> 2000-06-16 

<160> 18 

<170> Patentln Ver, 2,1 

<210> 1 
<211> 338 
<212> PKT 

<213> Erwinia chrysantheai 
<400> 1 

Met Gin Xle Thr He Lys Ala His He Gly Gly Asp Leu Gly Va.1 Ser 
1 5 10 15 

Gly Leu Gly Ala Gin Gly Leu Lys Gly Leu Asn Ser Ala Ala Ser Ser 
20 25 30 

Leu Gly Ser Ser Val Asp Lys Leu Ser Ser Thr He Asp Lys Leu Thr 
35 40 45 

Ser Ala Leu Thr Ser Met Met Phe Gly Gly Ala Leu Ala Gin Gly Leu 
50 55 60 

Gly Ala Ser Ser Lys Gly Leu Gly Met Ser Asn Gin Leu Gly Gin Ser 
65 70 75 60 

Phe Gly Asn Gly Ala Gin Gly Ala Ser Asn Leu Leu Ser Val Pro Lys 
85 90 95 

Ser Gly Gly Asp Ala Leu Ser Lys Met Phe Asp Lys Ala lieu Asp Asp 
.100 105 110 

Leu Leu Gly His Asp Thr Val Thr Lys Leu Thr Asn Gin Ser Asn Gin 
115 120 125 



1 
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Leu Ala Asn Ser Met Leu Asn Ala Ser Gin Met Thr Gin Gly Asn Met 
130 135 140 

Asn Ala Phe Gly Ser Gly Val Asn Asn Ala Leu Ser Ser He Leu Gly 
145 150 155 160 

Asn Gly Leu Gly Gin Ser Met Ser Gly Phe Ser Gin Pro Ser Leu Gly 
165 170 175 

Ala Gly Gly Leu Gin Gly Leu Ser Gly Ala Gly Ala Phe Asn Gin Leu 
180 165 190 

Gly Asn Ala lie Gly Met Gly Val Gly Gin Asn Ala Ala Leu Ser Ala 
195 200 205 

Leu Ser Asn Val Ser Thr His Val Asp Gly Asn Asn Arg His Phe Val 
210 215 220 

Asp Lys Glu Asp Arg Gly Met Ala Lys Glu lie Gly Gin Phe Met Asp 
225 230 235 240 

Gin Tyr Pro Glu lie Phe Gly Lys Pro Glu Tyr Gin Lys Asp Gly Trp 
245 250 255 

Ser Ser Pro Lys Thr Asp Asp Lys Ser Trp Ala Lye Ala Leu Ser Lys 
260 265 270 

Pro Asp Asp Asp Gly Met Thr Gly Ala Ser Met Asp Lys Phe Arg Gin 
275 280 285 

Ala Met Gly Met He Lys Ser Ala Val Ala Gly Asp Thr Gly Asn Thr 
290 295 300 

Asn Leu Asn Leu Arg Gly Ala Gly Gly Ala Ser Leu Gly He Asp Ala 
305 310 315 320 

Ala Val Val Gly Asp Lys He Ala Asn Met Ser Leu Gly Lys Leu Ala 
325 330 335 



Asn Ala 



<210> 2 
<211> 2141 
<212> DNA 

<213> Erwinia chrysanthexni 



2 
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<400> 2 

cgattttacc cgggtgaacg tgctatgacc gacagcatca cggtattcga caccgttacg 60 
gcgtttatgg ccgcgatgaa ccggcatcag gcggcgcgct ggtcgccgca atccggcgtc 120 
gatctggtat ttcagtttgg ggacaccggg cgtgaactca tgatgcagat tcagccgggg 180 
cagcaatatc ccggcatgtt gcgcacgctg ctcgctcgtc gttatcagca ggcggcagag 240 
tgcgatggct gccatctgtg cctgaacggc agcgatgtat tgatcctctg gtggccgctg 300 
ccgtcggatc ccggcagtta tccgcaggtg atcgaacgtt tgtttgaact ggcgggaatg 360 
acgttgccgt cgctatccat agcaccgacg gcgcgtccgc agacagggaa cggacgcgcc 420 
cgatcattaa gataaaggcg gcttttttta ttgcaaaacg gtaacggtga ggaaccgttt 480 
caccgtcggc gtcactcagt aacaagtatc catcatgatg cctacatcgg gatcggcgtg 540 
ggcatccgtt gcagatactt ttgcgaacac ctgacatgaa tgaggaaacg aaattatgca 600 
aattacgatc aaagcgcaca tcggcggtga tttgggcgtc tccggtctgg ggctgggtgc 660 
tcagggactg aaaggactga attccgcggc ttcatcgctg ggttccagcg tggataaact 720 
gagcagcacc atcgataagt tgacctccgc gctgacttcg atgatgtttg gcggcgcgct 780. 
ggcgcagggg ctgggcgcca gctcgaaggg gctggggatg agcaatcaac tgggccagtc 840 
tttcggcaat ggcgcgcagg gtgcgagcaa cctgctatcc gtaccgaaat ccggcggcga 900 
tgcgttgtca aaaatgtttg ataaagcgct ggacgatctg ctgggtcatg acaccgtgac 960 
caagctgact aaccagagca accaactggc taattcaatg ctgaacgcca gccagatgac 1020 
ccagggtaat atgaatgcgt tcggcagcgg tgtgaacaac gcactgtcgt ccattctcgg 1080 
caacggtctc ggccagtcga tgagtggctt ctctcagcct tctctggggg caggcggctt 1140 
gcagggcctg agcggcgcgg gtgcattcaa ccagttgggt aatgccatcg gcatgggcgt 1200 
ggggcagaat gctgcgctga gtgcgttgag taacgtcagc acccacgtag acggtaacaa 1260 
ccgccacttt gtagataaag aagatcgcgg catggcgaaa gagatcggcc agtttatgga 1320 
tcagtatccg gaaatattcg gtaaaccgga ataccagaaa gatggctgga gttcgccgaa 1380 
gacggacgac aaatcctggg ctaaagcgct gagtaaaccg gatgatgacg gtatgaccgg 1440 
cgccagcatg gacaaattcc gtcaggcgat gggtatgatc aaaagcgcgg tggcgggtga 1500 
taccggcaat accaacctga acctgcgtgg cgcgggcggt gcatcgctgg gtatcgatgc 1560 
ggctgtcgtc ggcgataaaa tagccaacat gtcgctgggt aagctggcca acgcctgata 1620 
atctgtgctg gcctgataaa gcggaaacga aaaaagagac ggggaagcct gtctcttttc 1680 
ttattatgcg gtttatgcgg ttacctggac cggttaatca tcgtcatcga tctggtacaa 1740 
acgcacattt tcccgttcat tcgcgtcgtt acgcgccaca atcgcgatgg catcttcctc 1800 
gtcgctcaga ttgcgcggct gatggggaac gccgggtgga atatagagaa actcgccggc 1860 
cagatggaga cacgtctgcg ataaatctgt gccgtaacgt gtttctatcc gcccctttag 1920 
cagatagatt gcggtttcgt aatcaacatg gtaatgcggt tccgcctgtg cgccggccgg 1980 
gatcaccaca atattcatag aaagctgtct tgcacctacc gtatcgcggg agataccgac 2040 
aaaatagggc agtttttgcg tggtatccgt ggggtgttcc ggcctgacaa tcttgagttg 2100 
gttcgtcatc atctttctcc atctgggcga cctgatcggt t , 2141 



<210> 3 
<211> 403 
<212> *BT 

<213> Erwinia amylovora 
<400> 3 

Met Ser Leu Asa Thr Ser Gly Leu Gly Ala Sex Thr Met Sin lie Ser 
15 10 is 
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lie Gly Gly Ala Gly Gly Asn Asn Gly Leu Leu Gly Thr Ser Arg Gin 
20 25 30 

Asn Ala Gly Leu Gly Gly Asn Ser Ala Leu Gly Leu Gly Gly Gly Asn 
35 40 45 

Gin Asn Asp Thr Val Asn Gin Leu Ala Gly Leu Leu Thr Gly Met Met 
50 55 60 

Met Met Met Ser Met Met Gly Gly Gly Gly Leu Met Gly Gly Gly Leu 
'65 70 75 60 

Gly Gly Gly Leu Gly Asn Gly Leu Gly Gly Ser Gly Gly Leu Gly Glu 
85 90 95 

Gly Leu Ser Asn Ala Leu Asn Asp Met Leu Gly Gly Ser Leu Asn Thr 
100 105 110 

Leu Gly Ser Lys Gly Gly Asn Asn Thr Thr Ser. Thr Thr Asn Ser Pro 
115 120 125 

Leu Asp Gin Ala Leu Gly lie Asn Ser Thr Ser Gin Asn Asp Asp Ser 
130 135 140 

Thr Ser Gly Thr Asp Ser Thr Sex Asp Ser Ser Asp Pro Met Gin Gin 
145 150 155 160 

Leu Leu Lys Met Phe Ser Glu lie Met Gin Ser Leu Phe Gly Asp Gly 
165 170 175 

Gin Asp Gly Thr Gin Gly Ser Ser Ser Gly Gly Lys Gin Pro Thr Glu 
180 185 190 

Gly Glu Gin Asn Ala Tyr Lys Lys Gly Val Thr Asp Ala Leu Ser Gly 
195 200 205 

Leu Met Gly Asn Gly Leu Ser Gin Leu Leu Gly Asn Gly Gly Leu Gly 
210 215 220 

Gly Gly Gin Gly Gly Asn Ala Gly Thr Gly Leu Asp Gly Ser Ser Leu 
225 230 235 240 

Gly Gly Lys Gly Leu Gin Asn Leu Ser Gly Pro Val Asp Tyr Gin Gin 
245 250 255 



Leu Gly Asn Ala Val Gly Thr Gly He Gly Met Lys Ala Gly He Gin 
260 265 270 



4 
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Ala Leu Asn Asp lie Gly Thr His Arg Bis Ser Ser Thr Arg Sex Phe 
275 ' 280 265 

Val Asn Lys Gly Asp Arg Ala Met Ala Lys Glu lie Gly Gin Phe Met 
290 295 300 

Asp Gin Tyr Pro Glu Val Phe Gly Lys Pro Gin Tyr Gin Lye Gly Pro 
305 310 315 320 

Gly Gin Gin Val Lys Thr Asp Asp Lys Ser Trp Ala Lys Ala Leu Ser 
325 330 335 

Lys Pro Asp Asp Asp Gly Met Thr Pro Ala Ser Met Glu Gin Phe Asn 
340 345 350 

Lys Ala Lys Gly Met lie Lys Arg Pro Met Ala Gly Asp Thr Gly Asn 
355 360 365 

Gly Asn Leu Gin Ala Arg Gly Ala Gly Gly Ser Ser Leu Gly lie Asp 
370 375 380 

Ala Met Met Ala Gly Asp Ala He Asn Asn Met Ala Leu Gly Lys Leu 
385 390 395 400 



Gly Ala Ala 



<210> 4 
<211> 1288 
<212> DMA 

<213> Erwinia amylovora 
<400> 4 

aagcttcggc atggcacgtt tgaccgttgg gtcggcaggg tacgtttgaa ttattcataa 60 
gaggaatacg ttatgagtct gaatacaagt gggctgggag cgtcaacgat gcaaatttct 120 
atcggcggtg cgggcggaaa taacgggttg ctgggtacca gtcgccagaa tgctgggttg 180 
ggtggcaatt ctgcactggg gctgggcggc ggtaatcaaa atgataccgt caatcagctg 240 
gctggcttac tcaccggcat gatgatgatg atgagcatga tgggcggtgg tgggctgatg 300 
ggcggtggct taggcggtgg cttaggtaat ggcttgggtg gctcaggtgg cctgggcgaa 360 
ggactgtcga acgcgctgaa cgatatgtta ggcggttcgc tgaacacgct gggctcgaaa .420 
ggcggcaaca ataccacttc aacaacaaat tccccgctgg accaggcgct gggtattaac 480 
tcaacgtccc aaaacgacga ttccacctcc ggcacagatt ccacctcaga ctccagcgac 540 
ccgatgcagc agctgctgaa gatgttcagc gagataatgc aaagcctgtt tggtgatggg 600 
caagatggca cccagggcag ttcctctggg ggcaagcagc cgaccgaagg cgagcagaac 660 
gcctataaaa aaggagtcac tgatgcgctg tcgggcctga tgggtaatgg tctgagccag 720 
ctccttggca acgggggact gggaggtggt cagggcggta atgctggcac gggtcttgac 780 
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ggttcgtcgc tgggcggcaa agggctgcaa 
ttaggtaacg ccgtgggtac cggtatcggt 
atcggtacgc acaggcacag ttcaacccgt 
gcgaaggaaa tcggtcagtt catggaccag 
cagaaaggcc cgggtcagga ggtgaaaacc 
aagccagatg acgacggaat gacaccagcc 
atgatcaaaa ggcccatggc gggtgatacc 
ggtggttctt cgctgggtat tgatgccatg 
cttggcaagc tgggcgcggc ttaagctt 



aacctgagcg ggccggtgga ctaccagcag 840 
atgaaagcgg gcattcaggc gctgaatgat 900 
tctttcgtca ataaaggcga tcgggcgatg 960 
tatcctgagg tgtttggcaa gccgcagtac 1020 
gatgacaaat catgggcaaa agcactgagc 1080 
agtatggagc agttcaacaa agccaagggc 1140 
ggcaacggca acctgcaggc acgcggtgcc 1200 
atggccggtg atgccattaa caatatggca 1260 

1288 



<210> 5 
<211> 1344 
<2X2> DNA 

<213> Erwinia amylovora 
<400> 5 

atgtcaattc ttacgcttaa caacaatacc tcgtcctcgc cgggtctgtt ccagtccggg 60 
ggggacaacg ggcttggtgg tcataatgca aattctgcgt tggggcaaca acccatcgat 120 
. cggcaaacca ttgagcaaat ggctcaatta ttggcggaac tgttaaagtc actgctatcg 180 
ccacaatcag gtaatgcggc aaccggagcc ggtggcaatg accagactac aggagttggt 240 
aacgctggcg gcctgaacgg acgaaaaggc acagcaggaa ccactccgca gtctgacagt 300 
cagaacatgc tgagtgagat gggcaacaac gggctggatc aggccatcac gcccgatggc 360 
cagggcggcg ggcagatcgg cgataatcct ttactgaaag ccatgctgaa gcttattgca 420 
cgcatgatgg acggccaaag cgatcagttt ggccaacctg gtacgggcaa caacagtgcc 480 
tcttccggta cttcttcatc tggcggttcc ccttttaacg atctatcagg ggggaaggcc 540 
ccttccggca actccccttc cggcaactac tctcccgtca gtaccttctc acccccatcc 600 
acgccaacgt cccctacctc accgcttgat ttcccttctt ctcccaccaa agcagccggg 660 
ggcagcacga cggtaaccga tcatcctgac cctgttggta gcgcgggcat cggggccgga 720 
aattcggtgg ccttcaccag cgccggcgct aatcagacgg tgctgcatga caccattacc 780 
gtgaaagcgg gtcaggtgtt tgatggcaaa ggacaaacct tcaccgccgg ttcagaatta 840 
ggcgatggcg gccagtctga aaaccagaaa ccgctgttta tactggaaga cggtgccagc 900 
ctgaaaaacg tcaccatggg cgacgacggg gcggatggta ttcatcttta cggtgatgcc 960 
aaaatagaca atctgcacgt caccaacgtg ggtgaggacg cgattaccgt taagccaaac 1020 
agcgcgggca aaaaatccca cgttgaaatc actaacagtt ccttcgagca cgcctctgac 1080 
aagatcctgc agctgaatgc cgatactaac ctgagcgttg acaacgtgaa ggccaaagac 1140 
tttggtactt ttgtacgcac taacggcggt caacagggta actgggatct gaatctgagc 1200 
catatcagcg cagaagacgg taagttctcg ttcgttaaaa gcgatagcga ggggctaaac 1260 
gtcaatacca gtgatatctc actgggtgat gttgaaaacc actacaaagt gccgatgtcc 1320 
gccaacctga aggtggctga atga 1344 



<210> 6 
<21l> 447 
<212> PRI 

<213> Erwinia amylovora 
<400> 6 
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Met Ser lie leu Thr leu Asn Asn Asn Thr Ser Ser Ser Pro Gly Leu I 
1 5 10 15 

Phe Gin Ser Gly Gly Asp Asn Gly leu Gly Gly His Asn Ala Asn Ser 
20 25 30 

Ala leu Gly Gin Gin Pro lie Asp Arg Gin Thr He Glu Gin Met Ala 
35 40 45 

Gin leu leu Ala Glu leu leu lys Ser leu leu Ser Pro Gin Ser Gly 
50 55 eo 

Asn Ala Ala Thr Gly Ala Gly Gly Asn Asp Gin Thr Thr Gly Val Glv 
65 » 75 ,J 

Asn Ala Gly Gly leu Asn Gly Arg lys Gly Thr Ala Gly Thr Thr Pro 
85 go 95 

Gin Ser Asp Ser Gin Asn Met leu Ser Glu Met Gly Asn Asn Gly leu 
1°0 105 no 

Asp Gin Ala lie Thr Pro Asp Gly Gin Gly Gly Gly Gin lie Gly Asp 
115 120 125 

Asn Pro leu leu lys Ala Met leu lys leu lie Ala Arg Met Met Asd 
130 13 5 140 P 

Gly Gin Ser Asp Gin Phe Gly Gin Pro Gly Thr Gly Asn Asn Ser Ala 
" 5 . l5 ° 155 iso 

Ser Ser Gly Thr Ser Ser Ser Gly Gly Ser Pro Phe Asn Asp leu Ser 
165 170 175 

Gly Gly lys Ala Pro Ser Gly Asn Ser Pro Ser Gly Asn Tyr Ser Pro 
180 185 19 0 

Val Ser Thr Phe Ser Pro Pro Ser Thr Pro Thr Ser Pro Thr Ser Pro 
195 200 205 

leu Asp Phe Pro Ser Ser Pro Thr lys Ala Ala Gly Gly Ser Thr Pro 
210 215 220 

Val Thr Asp His Pro Asp Pro Val Gly Ser Ala Gly n« Gly Ala Gly 
225 «0 235 240 

Asn Ser Val Ala Phe Thr Ser Ala Gly Ala Asn Gin Thr Val leu His 
245 250 2S 5 
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Asp Thr lie Thr Val Lys Ala Gly Gin Val Phe Asp Gly Lye Gly Gin 
260 265 270 

Thr Phe Thr Ala Gly Ser Glu lieu Gly Asp Gly Gly Gin Ser Glu Asa 
275 280 285 

Gin Lys Pro Leu Phe lie Leu Glu Asp Gly Ala Ser Leu Lys Asn Val 
290 295 300 

Thr Met Gly Asp Asp Gly Ala Asp Gly lie Hie Leu Syr Gly Asp Ala 
305 310 315 320 

Lys He Asp Asn Lea His Val Thr Asn Val Gly Glu Asp Ala He Thr 
325 330 335 

Val Lys Pro Asn Sex Ala Gly Lys Lys Ser His Val Glu He Thr Asn 
340 345 350 

Ser Ser Phe Glu His Ala Ser Asp Lys He Leu Gin Leu Asn Ala Asp 
355 360 365 

Thr Asn Leu Sex Val Asp Asn Val Lys Ala Lys Asp Phe Gly Thr Phe 
370 375 380 

Val Arg Thr Asn Gly Gly Gin Gin Gly Asn Trp Asp Leu Asn Leu Ser 
385 390 395 400 

His lie Ser Ala Glu Asp Gly Lys Phe Ser Phe Val Lys Ser Asp Ser 
405 410 415 

Glu Gly Leu Asn Val Asn Thr Ser Asp He Ser Leu Gly Asp Val Glu 
420 425 430 



Asn His Tyr Lys Val Pro Met Ser Ala Asn Leu Lys Val Ala Glu 



435 



440 



445 



<210> 7 
<211> 5517 
<212> DNA 

<213> Erwinia amylovora 
<400> 7 

atggaattaa aatcactggg aactgaacac 
cctgtggggc atggtgttgc cttacagcag 
gctgcatcat tggcggcaga aggcaaaaat 
tctactgcgg ctgatggtat cagcgctgct 
ggctgtttgg ggacgaaaaa attttccaga 



aaggcggcag tacacacagc ggcgcacaac €0 
ggcagcagca gcagcagccc gcaaaatgcc 120 
cgtgggaaaa tgccgagaat tcaccagcca- 180 
caccagcaaa agaaatcctt cagtctcagg 240 
tcggcaccgc agggccagcc aggtaccacc 300 
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cacagcaaag gggcaacatt gcgcgatctg ctggcgcggg acgacggcga aacgcagcat 1 360 
gaggcggccg cgccagatgc ggcgcgtttg acccgttcgg gcggcgtcaa acgccgcaat 420 
atggacgaca tggccgggcg gccaatggtg aaaggtggca gcggcgaaga taaggtacca 480 
acgcagcaaa aacggcatca gctgaacaat tttggccaga tgcgccaaac gatgttgagc 540 
aaaatggctc acccggcttc agccaacgcc ggcgatcgcc tgcagcattc accgccgcac 600 
atcccgggta gccaccacga aatcaaggaa gaaccggttg gctccaccag caaggcaaca 660 
acggcccacg cagacagagt ggaaatcgct caggaagatg acgacagcga attccagcaa 720 
ctgcatcaac agcggctggc gcgcgaacgg gaaaatccac cgcagccgcc caaactcggc 780 
gttgccacac cgattagcgc caggtttcag cccaaactga ctgcggttgc ggaaagcgtc 840 
cttgagggga cagataccac gcagtcaccc cttaagccgc aatcaatgct gaaaggaagt 900 
ggagccgggg taacgccgct ggcggtaacg ctggataaag gcaagttgca gctggcaccg 960 
gataatccac ccgcgctcaa tacgttgttg aagcagacat tgggtaaaga cacccagcac 1020 
tatctggcgc accatgccag cagcgacggt agccagcatc tgctgctgga caacaaaggc 1080 
cacctgtttg atatcaaaag caccgccacc agctatagcg tgctgcacaa cagccacccc 1140 
ggtgagataa agggcaagct ggcgcaggcg ggtactggct ccgtcagcgt agacggtaaa X200 
agcggcaaga tctcgctggg gagcggtacg caaagtcaca acaaaacaat gctaagccaa 1260 
ccgggggaag cgcaccgttc cttattaacc ggcatttggc agcatcctgc tggcgcagcg 1320 
cggccgcagg gcgagtcaat ccgcctgcat gacgacaaaa ttcatatcct gcatccggag 1380 
ctgggcgtat ggcaatctgc ggataaagat acccacagcc agctgtctcg ccaggcagac 1440 
ggtaagctct atgcgctgaa agacaaccgt accctgcaaa acctctccga taataaatcc 1500 
tcagaaaagc tggtcgataa aatcaaatcg tattccgttg atcagcgggg gcaggtggcg 1560 
atcctgacgg atactcccgg ccgccataag atgagtatta tgccctcgct ggatgcttcc 1620 
ccggagagcc atatttccct cagcctgcat tttgccgatg cccaccaggg gttattgcac 1680 
gggaagtcgg agcttgaggc acaatctgtc gcgatcagcc atgggcgact ggttgtggcc 1740 
gatagcgaag gcaagctgtt tagcgccgcc attccgaagc aaggggatgg aaacgaactg 1800 
aaaatgaaag ccatgcctca gcatgcgctc gatgaacatt ttggtcatga ccaccagatt 1860 
tctggatttt tccatgacga ccacggccag cttaatgcgc tggtgaaaaa taaottcagg 1920 
cagcagcatg cctgcccgtt gggtaacgat catcagtttc accccggctg gaacctgact 1980 
gatgcgctgg ttatcgacaa tcagctgggg ctgcatcata ccaatcctga accgcatgag 2040 
attcttgata tggggcattt aggcagcctg gcgttacagg agggcaagct tcactatttt 2100 
gaccagctga ccaaagggtg gactggcgcg gagtcagatt gtaagcagct gaaaaaaggc 2160 
ctggatggag cagcttatct actgaaagac ggtgaagtga aacgcctgaa tattaatcag 2220 
agcacctcct ctatcaagca cggaacggaa aacgtttttt cgctgccgca tgtgcgcaat 2280 
aaaccggagc cgggagatgc cctgcaaggg ctgaataaag acgataaggc ccaggccatg 2340 
gcggtgattg gggtaaataa atacctggcg ctgacggaaa aaggggacat tcgctccttc 240Q 
cagataaaac ccggcaccca gcagttggag cggccggcac aaactctcag ccgcgaaggt 2460 
atcagcggcg aactgaaaga cattcatgtc gaccacaagc agaacctgta tgccttgacc 2520 
cacgagggag aggtgtttca tcagccgcgt gaagcctggc agaatggtgc cgaaagcagc 2580 
agctggcaca aactggcgtt gccacagagt gaaagtaagc taaaaagtct ggacatgagc 2640 
catgagcaca aaccgattgc cacctttgaa gacggtagcc agcatcagct gaaggctggc 2700 
ggctggcacg cctatgcggc acctgaacgc gggccgctgg cggtgggtac cagcggttca 2760 
caaaccgtct ttaaccgact aatgcagggg gtgaaaggca aggtgatccc aggcagcggg 2820 
ttgacggtta agctctcggc tcagacgggg ggaatgaccg gcgccgaagg gcgcaaggtc 2880 
agcagtaaat tttccgaaag gatccgcgcc tatgcgttca acccaacaat gtccacgccg 2940 
cgaccgatta aaaatgctgc ttatgccaca cagcacggct ggcaggggcg tgaggggttg 3000 
aagccgttgt acgagatgca gggagcgctg attaaacaac tggatgcgca taacgttcgt 3060 
cataacgcgc cacagccaga tttgcagagc aaactggaaa ctctggattt aggcgaacat 3120 
ggcgcagaat tgcttaacga catgaagcgc ttccgcgacg aactggagca gagtgcaacc 3180 
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cgttcggtga ccgttttagg tcaacatcag ggagtgctaa aaagcaacgg tgaaatcaat 3240 
agcgaattta agccatcgcc cggcaaggcg ttggtccaga gctttaacgt caatcgctct 3300 
ggtcaggatc taagcaagtc actgcaacag gcagtacatg ccacgccgcc atccgcagag 3360 
agtaaactgc aatccatgct ggggcacttt gtcagtgccg gggtggatat gagtcatcag 3420 
aagggcgaga tcccgctggg ccgccagcgc gatccgaatg ataaaaccgc actgaccaaa 3480 
tcgcgtttaa ttttagatac cgtgaccatc ggtgaactgc atgaactggc cgataaggcg 3540 
aaactggtat ctgaccataa acccgatgcc gatcagataa aacagctgcg ccagcagttc 3600 
gatacgctgc gtgaaaagcg gtatgagagc aatccggtga agcattacac cgatatggga 3660 
ttcacccata ataaggcgct ggaagcaaac tatgatgcgg tcaaagcctt tatcaatgcc 3720 
tttaagaaag agcaccacgg cgtcaatctg accacgcgta ccgtactgga atcacagggc 3780 
agtgcggagc tggcgaagaa gctcaagaat acgctgttgt ccctggacag tggtgaaagt 3840 
atgagcttca gccggtcata tggcgggggc gtcagcactg tctttgtgcc tacccttagc 3900 
aagaaggtgc cagttccggt gatccccgga gccggcatca cgctggatcg cgcctataac 3960 
ctgagcttca gtcgtaccag cggcggattg aacgtcagtt ttggccgcga cggcggggtg 4020 
agtggtaaca tcatggtcgc taccggccat gatgtgatgc cctatatgac cggtaagaaa 4080 
accagtgcag gtaacgccag tgactggttg agcgcaaaac ataaaatcag cccggacttg 4140 
•cgtatcggcg ctgctgtgag tggcaccctg caaggaacgc tacaaaacag cctgaagttt 4200 
aagctgacag aggatgagct gcctggcttt atccatggct tgacgcatgg cacgttgacc 4260 
ccggcagaac tgttgcaaaa ggggatcgaa catcagatga agcagggcag caaactgacg 4320 
tttagcgtcg atacctcggc aaatctggat ctgcgtgccg gtatcaatct gaacgaagac 4380 
ggcagtaaac caaatggtgt cactgcccgt gtttctgccg ggctaagtgc atcggcaaac 4440 
ctggccgccg gctcgcgtga acgcagcacc acctctggcc agtttggcag cacgacttcg 4500 
gccagcaata accgcccaac cttcctcaac ggggtcggcg cgggtgctaa cctgacggct 4560 
gctttagggg ttgcccattc atctacgcat gaagggaaac cggtcgggat cttcccggca 4620 
tttacctcga ccaatgtttc ggcagcgctg gcgctggata accgtacctc acagagtatc 4680 
agcctggaat tgaagcgcgc ggagccggtg accagcaacg atatcagcga gttgacctcc 4740 
acgctgggaa aacactttaa ggatagcgcc acaacgaaga tgcttgccgc tctcaaagag 4800 
ttagatgacg ctaagcccgc tgaacaactg catattttac agcagcattt cagtgcaaaa 4860 
gatgtcgtcg gtgatgaacg ctacgaggcg gtgcgcaacc tgaaaaaact ggtgatacgt 4920 
caacaggctg cggacagcca cagcatggaa ttaggatctg ccagtcacag cacgacctac 4980 
aataatctgt cgagaataaa taatgacggc attgtcgagc tgctacacaa acatttcgat 5040 
gcggcattac cagcaagcag tgccaaacgt cttggtgaaa tgatgaataa cgatccggca 5X00 
ctgaaagata ttattaagca gctgcaaagt acgccgttca gcagcgccag cgtgtcgatg 5160 
gagctgaaag atggtctgcg tgagcagacg gaaaaagcaa tactggacgg taaggtcggt 5220 
cgtgaagaag tgggagtact tttccaggat cgtaacaact tgcgtgttaa atcggtcagc 5280 
gtcagtcagt ccgtcagcaa aagcgaaggc ttcaataccc cagcgctgtt actggggacg 5340 
agcaacagcg ctgctatgag catggagcgc aacatcggaa ccattaattt taaatacggc 5400 
caggatcaga acaccccacg gcgatttacc ctggagggtg gaatagctca ggctaatccg 5460 
caggtcgcat ctgcgcttac tgatttgaag aaggaagggc tggaaatgaa gagctaa 5517 



<210> 8 
<211> 1838 
<212> PET 

<213> Erwinia amylovora 
<400> 8 

Met Glu Leu Lys Ser Leu Gly Thr Glu Bis Lys Ala Ala Val Bla Thr 
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1 5 10 15 

Ala Ala His Asn Pro Val Gly Hia Gly Val Ala Leu Gin Gin Gly Ser 
20 , 25 30 

Ser Ser Ser Ser Pro Gin Asn Ala Ala Ala Ser Leu Ala Ala Glu Gly 
35 40 45 

Lya Asn Arg Gly Lys Met Pro Arg lie His Gin Pro Ser Thr Ala Ala 
50 55 60 

Asp Gly He Ser Ala Ala His Gin Gin Lya Lys Ser Phe Ser Leu Arg 
65 70 75 80 

Gly Cys Leu Gly Thr lys Lys Phe Ser Arg Ser Ala Pro Gin Gly Gin 
85 jo gs 

Pro Gly Thr Thr His Ser Lys Gly Ala Thr Leu Arg Asp Leu Leu Ala 
• 10 ° 105 . HO 

Arg Asp Asp Gly Glu Thr Gin His Glu Ala Ala Ala Pro Asp Ala Ala 
115 120 125 

Arg Leu Thr Arg Ser Gly Gly Val Lya Arg Arg Asn Met Asp Asp Met 
130 135 1<0 

Ala Gly Arg Pro Met Val Lys Gly Gly. Ser Gly Glu Asp Lys Val Pro 
145 "0 us 160 

Thr Gin (Sin Lys Arg His Gin Leu Asn Asn Phe Gly Gin Met Arg Gin 
165 170 175 

Thr Met Leu Ser Lys Met Ala His Pro Ala Ser Ala Asn Ala Gly Asp 
180 185 i 9 o 

Arg Leu Gin His Ser Pro Pro Hia lie Pro Gly Ser His Bis Glu He 
195 200 205 

Lys Glu Glu Pro Val Gly Ser Thr Ser Lys Ala Thr Thr Ala His Ala 
210 215 220 

Asp Arg Val Glu He Ala Gin Glu Asp Asp Asp Ser Glu Phe Gin Gin 
225 230 235 240 

Leu His Gin Gin Arg Leu Ala Arg Glu Arg Glu Asn Pro Pro Gin Pro 
245 250 255 

Pro Lys Leu Gly Val Ala Thr Pro He Ser Ala Arg Ph Gin Pro Lys 
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260 



265 



270 



Leu Thr Ala Val Ala Glu Ser Val Leu Glu Gly Thr Asp Thr Thr Gin 
275 280 285 

Ser Pro Leu Lys Pro Gin Ser Met Leu Lys Gly Ser Gly Ala Gly Val 
290 295 300 

Thr Pro Leu Ala Val Thr Leu Asp Lys Gly Lys Leu Gin Leu Ala Pro 
305 310 315 320 

Asp Asn Pro Pro Ala Leu Asn Thr Leu Leu Lys Gin Thr Leu Gly Lya 
325 330 335 

Asp Thr Gin His Tyr Leu Ala His His Ala Ser Ser Asp Gly Ser Gin 
340 345 350 

His Leu Leu Leu Asp Asn Lya Gly His Leu Phe Asp lie Lys Ser Thr 
355 360 365 

Ala Thr Ser Tyr Ser Val Leu His Asn Ser His Pro Gly Glu lie Lys 
370 375 380 

Gly Lys Leu Ala Gin Ala Gly Thr Gly Ser Val Ser Val Asp Gly Lys 
385 390 395 400 

Ser Gly Lys lie Ser Leu Gly Ser Gly Thr Gin Ser His Asn Lys Thr 
405 410 415 

Met Leu Ser Gin Pro Gly Glu Ala His Arg Ser Leu Leu Thr Gly lie 
420 425 430 

Trp Gin His Pro Ala Gly Ala Ala Arg Pro Gin Gly Glu Ser He Arg 
435 440 445 

Leu His Asp Asp Lys He His He Leu His Pro Glu Leu Gly Val Trp 
450 455 460 

Gin Ser Ala Asp Lya Asp Thr His Ser Gin Leu Ser Arg Gin Ala Asp 
465 470 475 480 

Gly Lys Leu Tyr Ala Leu Lys Asp Asn Arg Thr Leu Gin Asn Leu Ser 
485 490 495 



Asp Asn Lys Ser Sex Glu Lys Leu Val Asp Lys He Lys Ser Tyr Ser 
500 505 510 



Val Asp Gin Arg Gly Gin Val Ala He Leu Thr Asp Thr Pro Gly Arg 
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515 



520 



525 



Hia Lys Met Ser Lie Met Pro Ser Leu Asp Ala Ser Pro Glu Ser His 
530 . 535 540 

lie Ser Leu Ser Leu His Phe Ala Asp Ala His Gin Gly Leu Leu Bis 
545 550 555 560 

Gly Lys Ser Glu Leu Glu Ala Gin Ser Val Ala lie Ser His Gly Arg 
565 570 575 

Leu Val Val Ala Asp Ser Glu Gly Lye Leu Phe Ser Ala Ala lie Pro 
580 585 590 

Lys Gin Gly Asp Gly Asn Glu Leu Lys Met Lys Ala Met Pro Gin Hie 
595 600 605 

Ala Leu Asp Glu His Phe Gly His Asp His Gin He Ser Gly Phe Phe 
610 615 620 

His Asp Asp His Gly Gin Leu Asn Ala Leu Val Lys Asn Asn Phe Arg 
625 630 635 640 

Gin Gin Bis Ala Cys Pro Leu Gly Asn Asp His Gin Phe His Pro Gly 
645 650 655 

Trp Asn Leu Thr Asp Ala Leu Val He Asp Asn Gin Leu Gly Leu Hie 
660 665 670 

His Thr Asn Pro Glu Pro His Glu He Leu Asp Met Gly His Leu Gly 
675 680 685 

Ser Leu Ala Leu Gin Glu Gly Lys Leu His Tyr Phe Asp Gin Leu Thr 
690 695 700 

Lys Gly Trp Thr Gly Ala Glu Ser Asp Cys Lys Gin Leu Lys Lys Gly 
705 710 715 720 

Leu Asp Gly Ala Ala Tyr Leu Leu Lys Asp Gly Glu Val Lys Arg Leu 
725 730 735 

Asn He Asn Gin Ser Thr Ser Ser He Lys Hie Gly Thr Glu Asn Val 
740 745 750 

Phe Ser Leu Pro His Val Arg Asn Lys Pro Glu Pro Gly Asp Ala Leu 
755 760 765 



Gin Gly Leu Asn Lys Asp Asp Lys Ala Gin Ala Met Ala Val He Gly 
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770 



775 



780 



Val Asn Lys Tyr Leu Ala Leu Thr Glu Lys Gly Asp lie Arg Sex Phe 
785 790 795 800 

Gin lie Lys Pro Gly Thr Gin Gin Leu Glu Arg fro Ala Gin Thr Leu 
805 010 el5 

Ser Arg Glu Gly He Ser Gly Glu Leu Lys Asp He His Val Asp His 
820 825 830 

Lys Gin Asn Leu Tyr Ala Leu Thr His Glu Gly Glu Val Phe His Gin 
835 840 845 

Pro Arg Glu Ala Trp Gin Asn Gly Ala Glu Ser Ser Ser Tip His Lys 
850 855 860 

Leu Ala Leu Pro Gin Ser Glu Ser Lys Leu Lys Ser Leu Asp Met Ser 
865 870 875 880 

His Glu His Lys Pro He Ala Thr Phe Glu Asp Gly Ser Gin His Gin 
885 890 895 

Leu Lys Ala Gly Gly Trp His Ala Tyr Ala Ala Pro Glu Arg Gly Pro 
900 905 910 

Leu Ala Val Gly Thr Ser Gly Ser Gin Thr Val Phe Asn Arg Leu Met 
915 920 925 

Gin Gly Val Lys Gly Lys Val He Pro Gly Ser Gly Leu Thr Val Lys 
s 30 935 940 

Leu Ser Ala Gin Thr Gly Gly Met Thr Gly Ala Glu Gly Arg Lys Val 
945 ^50 955 960 

Ser Ser Lys Phe Ser Glu Arg He Arg Ala Tyr Ala Phe Asn Pro Thr 
965 970 975 

Met Ser Thr Pro Arg Pro He Lys Asn Ala Ala Tyr Ala Thr Gin His 
980 98S 99 0 

Gly Trp Gin Gly Arg Glu Gly Leu Lys Pro Leu Tyr Glu Met Gin Gly 
995 10 oo 1005 

Ala Leu He Lys Gin Leu Asp Ala His Asn Val Arg His Asn Ala Pro 
1010 1015 1020 



Gin Pro Asp Leu Gin Ser Lys Leu Glu Thr Leu Asp Leu Gly Glu His 

14 



WO 01/98501 



PCT/USOl/18820 

! 1 



1025 



1030 



1035 



1040 



Gly Ala Glu Leu Leu Asn Asp Met Lys Arg Phe Arg Asp Glu Leu Glu 
10 « 1050 



1055 



Gin Ser Ala Thr Arg Ser Val Thr Val Leu Gly Gin His Gin Gly Val 
1060 1065 1070 

Leu Lys Jer Asn Gly Glu lle^Asn Ser Glu Phe Lys Pro Ser Pro Gly 



1080 



1085 



Ly^Ala Leu Val Gin Serjhe Asn Val Asn Arg Ser Gly Gin Asp Leu 



1100 



Ser_ Lys Ser Leu Gin Gin Ala Val His Ala Thr Pro Pro Ser Ala Glu 



1110 



1115 U20 
Ser Lys Leu Glnjer Met Leu Gly His Phe Val Ser Ala Gly Val Asp 



1130 



1135 



Met Ser Hie Gin Lys Gly Glu He Pro Leu Gly Arg Gin Arg Asp Pro 
1140 xi45 



1150 



Asn Asp^Lys Thr Ala Leu Tl* Lys Sex Arg Leu lie Leu Asp Thr Val 



1165 



Thrne Gly Glu Leu His Glu Leu Ala Asp Lys Ala Lys Leu Val 



"75 U80 

Asp His Lys Pro Asp Ala Asp Gin lie Lys Gin Leu Arg Gin Gin 
Xlo5 * A ~ 



Ser 



1190 



1195 



Phe 
1200 



Asp Thr Leu Arg Glu Lys Arg Tyr Glu Ser Asn Pro Val Lys His Tyr 
1205 12 iq 



1215 



Thr Asp Metjly Ph e Thr His Asn Lys Ala Leu Glu Ala Asn Tyr 



1225 



Asp 



1230 



Ala Val^Lys Ala Phe lie Asn Ala Phe Lys Lys Glu His His Gly Val 



1240 



1245 



Asn Leu thr Thr Arg Thr Val Leu Glu Ser Gin Gly Ser Ala Glu Leu 
1250 ^5 1260 

Ala Lys Lys Leu Lys Asn Thr Leu Leu Ser Leu Asp Ser Gly Glu Ser 
1265 1270 1275 lm 

Met Ser Phe Ser Arg Ser Tyr Gly Gly Gly Val Ser Thr Val Phe Val 
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1285 



1290 



1295 



Pro Thr Leu Ser Lys Lys Val Pro Val Pro Val He Pro Gly Ala Glv 
1300 130 5 Y 



1310 



lie Thr Leu Asp Arg Ala Tyr Asn Leu Ser Phe Ser Arg Thr Ser 



1315 



1320 



Gly 



1325 



Gly Leu Asa Val Ser Phe Gly Arg Asp Gly Gly Val Ser Gly Asa lie 
1330 1335 1340 

Met Val Ala Thr Gly His Asp Val Met Pro Tyr Met Thr Gly Lys Lvs 
1345 ™° 1355 13 6o 

Thr Ser Ala Gly Asn Ala Ser Asp Trp Leu Ser Ala Lys His Lys He 
1365 1310 i37 5 

Ser Pro Asp Leu Arg He Gly Ala Ala Val Ser Gly Thr Leu Gla Gly 
1380 1385 i 390 

Thr Leu Gin Asn Ser Leu Lys Phe Lys Leu Thr Glu Asp Glu Leu Pro 
1395 1400 no5 

Gly Phe He His Gly Leu Thr His Gly Thr Leu Thr Pro Ala Glu Leu 
1410 1«5 1420 

Leu Gin Lys Gly lie Glu His Gin Met Lys Gin Gly Ser Lys Leu Thr 
1425 " 3 ° MM i 4 40 

Phe Ser Val Asp Thr Ser Ala Asn Leu Asp Leu Arg Ala Gly He Asn 
1445 1450 i4 5 5 

Leu Asn Glu Asp Gly Ser Lys Pro Asn Gly Val Thr Ala Arg Val Ser 
1460 1465 i4 70 

Ala Gly Leu Ser Ala Ser Ala Asn Leu Ala Ala Gly Ser Arg Glu Arg 
1475 "80 1485 

Ser Thr Thr Ser Gly Gin Phe Gly Ser Thr Thr Ser Ala Ser Asn Asn 
1490 1495 isoo 

Arg Pro Thr Phe Leu Asn Gly Val Gly Ala Gly Ala Asn Leu Thr Ala 
1505 1510 1515 1520 

Ala Leu Gly Val Ala His Ser Ser Thr His Glu Gly Lys Pro Val Gly 
1S25 1530 1535 

He Phe Pro Ala Phe Thr Ser Thr Asn Val Ser Ala Ala Leu Ala Leu 

16 



WO 01/98501 PCTYUSOl/18820 



1540 ' 1545 1550 

Asp Asn Arg Thr Ser Gin Ser He Ser Leu Glu Leu Lys Arg Ala Glu 
1555 1560 1565 

Pro Val Thr Ser Asn Asp He Ser Glu Leu Thr Ser Thr Leu Gly Lys 
1570 1575 1580 

His Phe Lys Asp Ser Ala Thr Thr Lys Met Leu Ala Ala Leu Lys Glu 
1585 1590 1595 1600 

Leu Asp Asp Ala Lys Pro Ala Glu Gin Leu Hie He Leu Gin Gin His 
1605 1610 1615 

Phe Ser Ala Lys Asp Val Val Gly Asp Glu Arg Tyr Glu Ala Val Arg 
1620 1625 1630 

Asn Leu Lys Lys Leu Val He Arg Gin Gin Ala Ala Asp Ser His Ser 
1«5 1640 1645 

Met Glu Leu Gly Ser Ala Ser His Ser Thr Thr Tyr Asn Asn Leu Ser 
1650 1655 1660 

Arg He Asn Asn Asp Gly He Val Glu Leu Leu His Lys His Phe Asp 
1665 1670 1675 1680 

Ala Ala Leu Pro Ala Ser Ser Ala Lys Arg Leu Gly Glu Met Met Asn 
1685 1690 1695 

Asn Asp Pro Ala Leu Lys Asp He He Lys Gin Leu Gin Ser Thr Pro 
1700 1705 1710 

Phe Ser Ser Ala Ser Val Ser Met Glu Leu Lys Asp Gly Leu Arg Glu 
1715 1720 1725 

Gin Thr Glu Lys Ala He Leu Asp Gly Lys Val Gly Arg Glu Glu Val 
1730 1735 1740 

Gly Val Leu Phe Gin Asp Arg Asn Asn Leu Arg Val Lys Ser Val Ser 
"« H50 1755 1760 

Val Ser Gin Ser Val Ser Lys Ser Glu Gly Phe Asn Thr Pro Ala Leu 
1765 1770 1775 

Leu Leu Gly Thr Ser Asn Ser Ala Ala Met Ser Met Glu Arg Asn He 
1780 1785 1790 

Gly Thr He Asn Phe Lys Tyr Gly Gin Asp Gin Asn Thr Pro Arg Arg 
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1795 1800 1805 

Phe Thr Leu Glu Gly Gly lie Ala Gin Ala Asn Pro Gin Val Ala Ser 
1810 1815 1820 

Ala Leu Thr Asp Leu Lys Lys Glu Gly Leu Glu Met Lys Ser 
1825 1830 1835 



<210> 9 
<211> 420 
•<212> 0NA 

<213> Erwinia aaylovora 
<400> 9 

atgacatcgt cacagcagcg ggttgaaagg 
acgcccatac atctgaaaga cggggtgtgc 
gcggtgctgg aagtaccgca acacagcgac 
gctgacccac aaacttcaat aaccctgtat 
gcggccatgc gcggctgttg gctggcgctg 
cagcagtcgc tggagcatct ggatgaagca 
gaacatgcgg cagaagtgcg tgagtatata 



tttttacagt atttctccgc cgggtgtaaa €0 
gccctgtata acgaacaaga tgaggaggcg 120 
agcctgttac tacactgccg aatcattgag 180 
tcgatgctat tacagctgaa ttttgaaatg 240 
gatgaactgc acaacgtgcg tttatgtttt 300 
agttttagcg atatcgttag cggcttcatc 360 
gcgcaattag acgagagtag cgcggcataa 420 



<210> 10 
<211> 139 
<212> PRT 

<213> Erwinia amylovora 
<400> 10 

Met Thr Ser Ser Gin Gin Arg Val Glu Arg Phe Leu Gin Tyr Phe 8er 
15 10 15 

Ala Gly Cys Lys Thr Pro He His Leu Lys Asp Gly Val Cys Ala Leu 
20 25 30 

Tyr Asn Glu Gin Asp Glu Glu Ala Ala Val Leu Glu Val Pro* Gin Hi a 
35 40 45 

Ser Asp Ser Leu Leu Leu His Cys Arg lie lie Glu Ala Asp Pro Gin 
50 55 60 

Thr Ser lie Thr Leu Tyr Ser Met Leu Leu Gin Leu Asn Phe Glu Mat 
65 70 75 80 

Ala Ala M t Arg Gly Cys Trp Leu Ala Leu Asp Glu Leu His Asn Val 
85 90 95 
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Arg ieu Cys Phe Gin Gin Ser Leu Glu His lieu Asp Glu Ala Ser Phe 
100 105 no 

Ser Asp lie Val Ser Gly Phe He Glu His Ala Ala Glu Val Arg Glu 
115 * 120 125 

Tyr He Ala Gin Leu Asp Glu Ser Ser Ala Ala 
130 135 



<210> 11 
<211> 341 
<212> POT 

<213> Pseudomonas syringae 
<400> 11 

Met Gin Ser Leu Ser Leu Asn Ser Ser Ser Leu Gin Thr Pro Ala Met 
1 5 io is 

Ala Leu Val Leu Val Arg Pro Glu Ala Glu Thr Thr Gly Ser Thr Ser 
20 25 30 

Ser Lys Ala Leu Gin Glu Val Val Val Lys Leu Ala Glu Glu Leu Met 
35 40 45 

Arg Asn Gly Gin Leu Asp Asp Ser Ser Pro Leu Gly Lys Leu Leu Ala 
50 5S 60 

Lys Ser Met Ala Ala Asp Gly Lys Ala Gly Gly Gly He Glu Asp Val 
6S .70 75 80 

He Ala Ala Leu Asp Lye Leu He His Glu Lys Leu Gly Asp Asn Phe 
85 go 95 

Gly Ala Ser Ala Asp Ser Ala Ser Gly Thr Gly Gin Gin Asp Leu Met 
10 <> 105 no 

Thr Gin Val Leu Asn Gly Leu Ala Lys Ser Met Leu Asp Asp Leu Leu 
115 120 125 

Thr Lys Gin Asp Gly Gly Thr. Ser Phe Ser Glu Asp Asp Met Pro Met 
13° 135 140 

Leu Asn Lys He Ala Gin Phe Met Asp Asp Asn Pro Ala Gin Phe Pro 
145 "0 155 16Q 

Lys Pro Asp Ser Gly Ser. Trp Val Asn Glu Leu Lys Glu Asp Asn Phe 
I 65 170 175 
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Leu Asp Gly Asp Glu Thr Ala Ala Phe Arg Ser Ala Leo Asp lie He 
180 185 iso 

Gly Gin Gin Leu Gly Asn Gin Gin Ser Asp Ala Gly Ser Leu Ala Gly 
19S 200 205 

thr Gly Gly Gly Leu Gly Thr Pro Ser Ser Phe Ser Asn Asn Ser Ser 
210 215 220 

Val Met Gly Asp Pro Leu He Asp Ala Asn Thr Gly Pro Gly Asp Ser 
225 230 235 240 

Gly Asn Thr Arg Gly Glu Ala Gly Gin Leu He Gly Glu Leu lie Asp 
245 250 255 

Arg Gly Leu Gin Ser Val Leu Ala Gly Gly Gly Leu Gly Thr Pro Val 
260 265 270 

Asn Thr Pro Gin Thr Gly Thr Ser Ala Asn Gly Gly Gin Ser Ala Gin 
275 280 285 

Asp Leu Asp Gin Leu Leu Gly Gly Leu Leu Leu Lys Gly Leu Glu Ala 
290 295 300 

Thr Leu Lys Asp Ala Gly Gin Thr Gly Thr Asp Val Gin Ser Ser Ala 
305 31 ° 315 320 

Ala Gin lie Ala Thr Leu Leu Val Ser Thr Leu Leu Gin Gly Thr Arg 
325 330 335 



Asn Gin Ala Ala Ala 
340 



<210> 12 
<2U> 1026 
<212> ONA 

<213> Pseudomonas syringae 
<400> 12 

atgcagagtc tcagtcttaa cagcagctcg 
gtacgtcctg aagccgagac gactggcagt 
gtgaagctgg ccgaggaact gatgcgcaat 
aaactgttgg ccaagtcgat ggccgcagat 
atcgctgcgc tggacaagct gatccatgaa 
gacagcgcct cgggtaccgg acagcaggac 
aagtcgatgc tcgatgatct tctgaccaag 



ctgcaaaccc cggcaatggc ccttgtcctg 60 
acgtcgagca aggcgcttca ggaagttgtc 120 
ggtcaactcg acgacagctc gccattggga 180 
ggcaaggcgg gcggcggtat tgaggatgtc 240 
aagctcggtg acaacttcgg cgcgtctgcg 300 
ctgatgactc aggtgctcaa tggcctggcc 360 
caggatggcg ggacaagctt ctccgaagac 420 
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gatatgccga tgctgaacaa gatcgcgcag ttcatggatg acaatcccgc acagtttcccl 480 
aagccggact cgggctcctg ggtgaacgaa ctcaaggaag acaacttcct tgatggcgac 540 
gaaacggctg cgttccgttc ggcactcgac atcattggcc agcaactggg taatcagcag €00 
agtgacgctg gcagtctggc agggacgggt ggaggtctgg gcactccgag cagtttttcc 660 
aacaactcgt ccgtgatggg tgatccgctg atcgacgcca ataccggtcc cggtgacagc 720 
ggcaataccc gtggtgaagc ggggcaactg atcggcgagc ttatcgaccg tggcctgcaa 780 
tcggtattgg ccggtggtgg actgggcaca cccgtaaaca ccccgcagac cggtacgtcg 840 
gcgaatggcg gacagtccgc tcaggatctt gatcagttgc tgggcggctt gctgctcaag 500 
ggcctggagg caacgctcaa ggatgccggg caaacaggca ccgacgtgca gtcgagcgcfc 960 
gcgcaaatcg ccaccttgct ggtcagtacg ctgctgcaag gcacccgcaa tcaggctgca 1020 
gcctga 1026 



<210> 13 
<211> 1729 
<212> DNA 

<213> Pseudamonas syringae 
<400> 13 

tccacttcgc tgattttgaa attggcagat tcatagaaac gttcaggtgt ggaaatcagg 60 
ctgagtgcgc agatttcgtt gataagggtg tggtactggt cattgttggt catttcaagg 120 - 
octet gagtg eggtgeggag caataccagt cttcctgctg gcgtgtgcac actgagtege 180 
aggcataggc atttcagttc cttgcgttgg ttgggcatat aaaaaaagga acttttaaaa 240 
acagtgcaat gagatgeegg caaaaeggga accggtcgct gcgctttgcc actcacttcg 300 
agcaagctca accccaaaca tccacatccc tatcgaaegg acagegatae ggccacttgc 360 
tctggtaaac cctggagctg gcgtcggtcc aattgcccac ttagcgaggt aacgeagcat 420 
gagcategge atcacacccc ggccgcaaca gaccaccacg ccactcgatt ttteggeget 480 
aagcggcaag agtcctcaac caaacaegtt eggegagcag aacactcagc aagegatega 540* 
cccgagtgca ctgttgttcg gcagcgacac acagaaagac gtcaacttcg gcacgcccga 600 
cagcaccgtc cagaatccgc aggacgecag caagcccaac gaeagecagt ccaacatcgc 660 
taaattgatc agtgcattga tcatgtcgtt getgeagatg ctcaccaact ccaataaaaa 720 
gcaggacacc aatcaggaac agectgatag ccaggctcct ttccagaaca aeggeggget 780 
cggtacaccg teggecgata gegggggegg cggtacaccg gatgegacag gtggcggcgg 840 
cggtgatacg ccaagcgcaa caggcggtgg eggeggtgat actccgaccg caacaggegg 900 
tggeggcage ggtggcggcg gcacacccac tgcaacaggt ggcggcagcg gtggcacacc 960 
cactgcaaca ggcggtggcg agggtggcgt aacaccgcaa atcactccgc agttggccaa 1020 
ccctaaccgt acctcaggta ctggctcggt gteggacacc gcaggttcta ccgagcaagc 1080 
eggcaagate aatgtggtga aagacaccat caaggtegge gctggcgaag tetttgaegg 1140 
ccacggcgca accttcactg ccgacaaatc tatgggtaac ggagaccagg gegaaaatea 1200 
gaagcccatg ttcgagctgg ctgaaggege tacgttgaag aatgtgaacc tgggtgagaa 1260 
cgaggtcgat ggcatccacg tgaaagccaa aaacgctcag gaagtcacca ttgacaacgt 1320 
gcatgcccag aacgtcggtg aagacctgat tacggtcaaa ggegagggag gcgcagcggt 1380 
cactaatctg aacatcaaga acagcagtgc caaaggtgea gacgacaagg ttgtccagct 1440 
caacgccaac actcacttga aaatcgacaa cttcaaggcc gacgatttcg gcacgatggt 1500 
tcgcaccaac ggtggcaagc agtttgatga catgagcatc gagctgaacg gcatcgaagc 1560 
taaccacggc aagttcgccc tggtgaaaag cgacagtgac gatctgaagc tggcaacggg 1620 
caacatcgcc atgaccgacg tcaaacacgc ctacgataaa acccaggcat cgacccaaca 1680 
caccgagctt tgaatccaga caagtagctt gaaaaaaggg ggtggactc 1729 
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<210> 14 
<2X1> 424 
<212> PRT 

<213> Pseudomonas syringae 
<400> 14 

Met Ser He Gly lie Thr Pro Arg Pro Gin Gin Thr Thr Thr Pro Leu 
15 10 15 

Asp Phe Ser Ala Leu Ser Gly Lys Ser Pro Gin Pro Asn Thr Phe Gly 
20 25 30 

Glu Gin Asn Thr Gin Gin Ala, lie Asp Pro Ser Ala Leu Leu Phe Gly 
35 40 45 

Ser Asp Thr Gin Lys Asp Val Asn Phe Gly Thr Pro Asp Ser Thr Val 
50 55 60 

Gin Asn Pro Gin Asp Ala Ser Lys Pro Asn Asp Ser Gin Ser Asn lie 
65 ?<> 75 80 

Ala Lys Leu lie Ser Ala Leu He Met Ser Leu Leu Gin Met Leu Thr 
85 so a5 

Asn Ser Asn Lys Lys Gin Asp Thr Asn Gin Glu Gin Pro Asp Ser Gin 
100 105 no 

Ala Pro Phe Gin Asn Asn Gly Gly Leu Gly Thr Pro Ser Ala Asp Ser 
115 120 125 

Gly Gly Gly Gly Thr Pro Asp Ala Thr Gly Gly Gly Gly Gly Asp Thr 
130 135 140 

Pro Ser Ala Thr Gly Gly Gly Gly Gly Asp Thr Pro Thr Ala Thr Gly 
145 150 155 160 

Gly Gly Gly Ser Gly Gly Gly Gly Thr Pro Thr Ala Thr Gly Gly Gly 
1^5 no 175 

Ser Gly Gly Thr Pro Thr Ala Thr Gly Gly Gly Glu Gly Gly Val Thr 
180 185 190 

Pro Gin He Thr Pro Gin Leu Ala Asn Pro Asn Arg Thr Ser Gly Thr 
195 200 20S 

Gly Ser Val Ser Asp Thr Ala Gly Ser Thr Glu Gin Ala Gly Lys He 
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210 



215 



220 



Asn Val Val Lys Asp Thr lie Lys Val Gly Ala Gly Glu Val Phe Asp 
225 (1 230 235 240 

Gly His Gly Ala Thr Phe Thr Ala Asp Lys Ser Met Gly Asa Gly Asp 
245 250 255 

Gin Gly Glu Asn Gin Lys Pro Met Phe Glu Leu Ala Glu Gly Ala Thr 
260 265 270 

Leu Lys Asn Val Asn Leu Gly Glu Asn Glu Val Asp Gly He His Val 
275 280 285 

Lys Ala Lys Asn Ala Gin Glu Val Thr lie Asp Asn Val" His Ala Gin 
290 295 300 

Asn Val Gly Glu Asp Leu He Thr Val Lys Gly Glu Gly Gly Ala Ala 
305 3X0 315 320 

Val Thr Asn Leu Asn He Lys Asn Ser Ser Ala Lys Gly Ala Asp Asp 
325 330 33S 

Lys Val Val Gin Leu Asn Ala Asn Thr His Leu Lys He Asp Asn Phe 
340 345 350 

Lys Ala Asp Asp Phe Gly Thr Met Val Arg Thr Asn Gly Gly Lys Gin 
355 360 365 

Phe Asp Asp Met Ser He Glu Leu Asn Gly He Glu Ala Asn His Gly 
370 375 380 

Lys Phe Ala Leu Val Lys Ser Asp Ser Asp Asp Leu Lys Leu Ala Thr 
385 390 395 40Q 

Gly Asn He Ala Met Thr Asp Val Lys His Ala Tyr Asp Lys Thr Gin 
405 410 415 



Ala Ser Thr Gin His Thr Glu Leu 
420 



<210> 15 
<211> 344 
<212> PRT 

<213> Pseudomonas solanacearum 
<400> 15 
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Met Ser Val Gly Rsn.He Gin Ser Pro Ser Asn Leu Pro Gly Leu Gin 

1 5 10 ' IS 

Asn Leu Asn Leu Asn Thr Asn Thr Asn Ser Gin Gin Ser Gly Gin Ser 



20 



25 



30 



Val Gin Asp Leu lie Lye Gin Val Glu Lys Asp lie Leu Asn He He 



35 



40 



45 



Ala Ala Leu Val Gin Lys Ala Ala Gin Ser Ala Gly Gly Asn Thr Gly 



60 



Asn Thr Gly Asn Ala Pro Ala Lys Asp Gly Asn Ala Asn Ala Gly Ala 



70 



75 



Asn Asp Pro Ser Lys Asn Asp Pro Ser Lys Ser Gin Ala 



85 



80 



Pro Gin Ser 



90 9S 
Ala Asn Lys Thr Gly Asn Val Asp Asp Ala Asn Asn Gin Asp Pro Met 



105 110 
Gin Ala Leu Met Gin Leu Leu Glu Asp Leu Val Lys Leu Leu Lys Ala 



120 125 
Ala Leu His Het Gin Gin Pro Gly Gly Asn Asp Lys Gly Asn Gly Val 



135 no 
Gly Gly Ala Asn Gly Ala Lys Gly Ala Gly Gly Gin Gly Gly Leu 



Ala 
160 



ISO 155 

Glu Ala Leu Gin Glu lie Glu Gin lie Leu Ala Gin Leu Gly Gly Gly 

165 — 



«o 17S 

Gly Ala Gly Ala Gly Gly Ala Gly Gly Gly Val Gly Gly Ala Gly Gly 



185 



190 



A!a Asp Gly Gly Ser Gly Ala Gly Gly Ala Gly Gly Ala Asn Gly Ala 
195 200 205 

Asp Gly Gly Asn Gly Val Asn Gly Asn Gin Ala Asn Gly Pro Gin Asn 



215 



220 



Ma Gly Asp Val Asn Gly Ala Asn Gly Ala Asp Asp Gly Ser Glu Asp 



230 



235 



240 



Gin Gly Gly Leu Thr Gly Val Leu Gin Lys Leu Met Lys He Leu 



245 



250 



Asn 



255 
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Ala Leu Val Gin Met Met Gin Gin Gly Gly lien Gly Gly Gly Asm Gin I ■ 
260 265 270 

Ala Gin Gly Gly Ser Lys Gly Ala Gly Asn Ala Ser Pro Ala Sex Gly 
275 280 285 

Ala Asa Pro Gly Ala Asn Gin Pro Gly Ser Ala Asp Asp Gin Ser Ser 
290 295 300 

Gly Gin Asn Asn Leu Gin Ser Gin lie Met Asp Val Val Lys Glu Val 
305 310 315 320 

Val Gin He Leu Gin Gin Met Leu Ala Ala Gin Asn Gly Gly Ser Gin 
325 330 335 

Gin Ser Thr Ser Thr Gin Pro Met 
340 



<210> 16 
<211> 1035 
<212> DHA 

<213> Pseudomonas solanacearum 
<400> 16 

atgtcagtcg gaaacatcca gagcccgtcg aacctcccgg gtctgcagaa cctgaacctc 60 
aacaccaaca ccaacagcca gcaatcgggc cagtccgtgc aagacctgat caagcaggtc 120 
gagaaggaca tcctcaacat catcgcagcc ctcgtgcaga aggccgcaca gtcggcgggc 180.. 
ggcaacaccg gtaacaccgg caacgcgccg gcgaaggacg gcaatgccaa cgcgggcgcc 240 
aacgacccga gcaagaacga cccgagcaag agccaggctc cgcagtcggc caacaagacc 300 
ggcaacgtcg acgacgccaa caaccaggat ccgatgcaag cgctgatgca gctgctggaa 360 
gacctggtga agctgctgaa ggcggccctg cacatgcagc agcccggcgg caatgacaag 420 
ggcaacggcg tgggcggtgc caacggcgcc aagggtgccg gcggccaggg cggcctggcc 480 
gaagcgctgc aggagatcga gcagatcctc gcccagctcg gcggcggcgg tgctggcgcc 540 
ggcggcgcgg gtggcggtgt cggcggtgct ggtggcgcgg atggcggctc cggtgcgggt 600 
ggcgcaggcg gtgcgaacgg cgccgacggc ggcaatggcg tgaacggcaa ccaggcgaac 660 
ggcccgcaga acgcaggcga tgtcaacggt gccaacggcg cggatgacgg cagcgaagac 720 
cagggcggcc tcaccggcgt gctgcaaaag ctgatgaaga tcctgaacgc gctggtgcag 780 
atgatgcagc aaggcggcct cggcggcggc aaccaggcgc agggcggctc gaagggtgcc 840 
ggcaacgcct cgccggcttc cggcgcgaac ccgggcgcga accagcccgg ttcggcggat 900 
gatcaatcgt ccggccagaa caatctgcaa tcccagatca tggatgtggt gaaggaggtc 960 
gtccagatcc tgcagcagat gctggcggcg cagaacggcg gcagccagca gtccacctcg 1020 
acgcagccga tgtaa 1035 



<210> 17 
<2U> 10 
<2X2> PRI 
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<213> Xanthomonas campestrie 
<400> 17 

Met Asp Gly He Gly Asn His Phe Ser Asn 
IS 10 



<210> 18 
<211> 20 
<212> PRT 

<213> Xanthomonas campestris pv, pelargonil 
<400> 18 

Ser Ser Gin Gin Ser Pro Ser Ala Gly Ser Glu Gin Gin lieu Asp Gin 
1 5 10 is 

lieu Leu Ala Met 
20 
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